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ABSTRACT 

The statements of the Chairian of the national 
science Board and the Director of the National Science Foundation 
fHSF) to the Senate subcomittee on the National Science Foundation, 
vhea it was hearing testinony on the bills authorizing the 
expenditure of the NSF for 1970, include reference to the pwblens 
requiring scientific investigation, particularly interdisciplinary 
approaches including the social sciences. The role of the 
universities in the use of funds appropriated for these pacposes is 
discussed at' length in guestions fron committee members. Supporting 
statenents fron representatives of the International Biological 
Progran, State Science Advisory Committees, and industry are 
included, information reprinted fron neuspapers and professional 
-journals is appended. These additional statenents and information 
consider varies aspects of the National science foundation s role in 
guiding scientific research and developing educational programs. 
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WEDNESDAY, HAT 7 , 1089 , '. j? 

" tJ.S. Senate, 

Special Subcommittee , 

on the National Science Foundation; 
of the Co mmit tee on Labor and Public Welfare, , , 1 

■ WasMngton x D.G. ; 

The subcommittee met* pursuant to notice, at 9 : 35 arm, in room 
4232, New Senate Office Building, Senator Edward M. Kennedy 
(chairman) . presiding. i; . ar •[■■■.ys. - ;r s / ^ ^ 

Present : Senators Kennedy (presiding) , Pell, Eagleton, Prouty, and 

Saxbe. -.{v,. '•» : : ; • 

Also present : K. Dun Gifford and Roy H. Millenson. 



This is the first time the Senate >has ; been privileged to conduct 
authorization hearings for the National Science {Foundation, as re- 
quired by last year’s revision of the National Science Foundation A,ct; 
These hearings^ along with those recently conducted by the Subcom- 
mittee on Science, Research, and Development of the Hou^ marh 
an historic jnpnment ip the-course of {Scientific affair?, and they signify 
that American science has : finaUyicoipetof ?ge* Aswith.&ny coming' of 
age^j this as' well .as< enlarged^ oppor- 

tunitiefif. -BefoEOi dntroducih^ ; ^stiiLguished witnesses, today* I 
should/dfin?»jtb ispeafe ; tfpr^ k; moment:* op . the meaning v-of; .this; new 
matuiityjtfo^ ■ ; fc >f> : pn?- 





unquestioning and ever-ending ££5 

in the 1940’s, has finally ended in the mid-1960s. While 1 aepiore 
the difficulties the scientific enterprise has ™co™ ei^ i n recent 
vears- -and while I intend to do what I can to help remedy these 
problems— I do not view the fundamental tarn of events with ms- 
nivincrs for it signifies to me that science has come of age, and is 
l the added responsibilities that come with increased 

maturity. 




ers must accept me respunsiumuy vv j— ^ 
port science receives from society; not in terms of specific r ^ ea J| 
projects, f6r these , can be judged only on their merits SeS re- 
peers, but in terms Of the overall national invejment “ 

Lrch and education, and what t^^yest^ means 
and to our children and their children after them; Smilarly, the 
youth of our Nation must be much better educated 
significance to their lives ; and much more highly motivated to parti- 
cipate in-or serve as inH 1 — ****** tr>-the wonders of scien- 
tific achievement. 




Moreover /while basic researctt must continue as ™ 
creativity— kiid : its support must remain 
National’ - Science " Foundation— pur scientific leaders 
their imagination to devise improved' ways of applying scientific 
knowledge more extensively I aM effectively to the pressing problems 

rif society.* 1 : /’*: . 

Mndlfc^ur scientific deadetsttp is faced with an^ enlarged and 
ktremely ^ has batelv begun to meet. 




nv-.v-' • -w 
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I repeat that I do not view these enlarged responsibilities with mis- 
givings: for I am confident that the scientific 5 community can meet 
these challenges successfully and in 4 manlier whlch w Jl e^ance the 
strength of ora scientific enterprise while "bestowing its manifold l»ne- 
fits more widely among all segments of oursociety. ; . . . . 

i At the start of the modern seientificera, Sir Francis Bacon who 
contributed so greatly to the empirical, experimental abroach- to 
scientific inquiry— served his society also as iL ^ rd T ^ 

Similarly, that greatest of scientific theorists, Sir Isaac Newton, also 
served his nation as Master of the Mint I am not suggesting that scien- 
tists today seek public service in other fields, although I am sure they 
would be most welcome to do so. But I am suggesting that an intimate, 
powerful partnership between science and society is currently emerg- 
ing— a partnership which will simultaneously serve to strengthen the 
scientific enterprise and to multiply the benefits accruing to society . I 
believe that these first authorization hearings in the senate for tfte 
National Science Foundation will contribute to that process by ex- 
panding and enhancing the dialogue between the scientific community 

and the Congress. a . -o 

The 9 days of hearings before the Subcommittee on Science, .Re- 
search, and Development of the House Committee on Science and As- 
tronautics were extremely comprehensive and detailed in their discus- 
sion of NSF’s current programs. We do not propose in these hearings 
to duplicate the excellent record developed by Chairman Emilio Dad- 
dario and his subcommittee, but rather to make full use of that record 
in highlighting certain important aspects of NSF s programs, placing 
particular emphasis on the Foundation’s expectations and plans for 
the future. Considering the vast and profound changes science has 
precipitated in our civilization in recent decades, it is only prudent to 
anticipate the possibility of accompanying changes of significance m 
the structure of the scentific enterprise itself and in its relationship to 
society. I hope the hearings commencing today will serve to illuminate 

these and other related issues of importance. ,, ^ 

Our distinguished witnesses today are Dr. Leland £ Haworth, Di- 
rector of the National Science Foundation, and Dr. Phihp Handler, 
Chairman . of the National Science Board and President-elect of the 

National Academy of Sciences. ; , I . , , . . ^ 

■ We are particularly pleased you haye come here today to pursue 
these issues with us, and we look forward to an extremely stimulating 

• Beforo^ve start, Dr. Handler, I should like to take ^dis occasion to 
thank you and your; colleagues on the National Science Board fqr your 

ontiflfid “Toward a Public Policy for 



recent report to tne ;uongress entitled “Toward a; public Policy for 

jneport rnar^^an excelleii t 

the Board’s nation promotion of basic 

Will 
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I would like to note for the record that Ellis Mottiir, a senior 
scientist at , George Washington University, has been of invaluable 
assistance to | the subcommittee; in preparing for these hearings. 

This; subcommittee has under consideration two separate bills, S. 
1856, introduced by Senator: Erbuty, and -S. 1857 which T introduced. 
I will ask them both to be. printed in the- hearing record, for com- 



panson. .; -- 

(The bills referred to follow :) 
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91st CONGRESS 
1st Session 



: f 




vnt 



IN THE SENATE OF THE UNITED STATES 

April 18,1969 

Mr. Pbodtt introduced the following bill ; which wife rend twice and referred 
to the Committee on Labor and Public Welfare 



I*.- 



>..« t i' f 



■ ,-i t :i 



• : i {• * : rt V i ^ \ iw ; v •’* 










’iFouudatlou, and tf other puiposes. 

iW . , > r 

1 ' Be it enacted ty the Senate «nJ House of Hepreseiita- 

‘ • y- r 

2 tives of the United States of America in Congress assembled, 

•«fij Yi> '•{$) ,<>J >J‘i oj 

3 That there is hereby authorized to be appropriated to the JNa- 
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1 expenditure, or fot^oU^«tio|. antependitore,. for such 

2 period or periods JwS Speci&in Acts making sack 



3 appropriations.. 



Sec. 3. Appropriations made pursuant to this Act may 

fit-el 'f /.'«>. t i ',’ v Vr"': *4*') ti l A - • *4 '■ j 

5 be used, but not to exceed $2,500, for official reception and 

\W':L • . 

6 representatiop expeiiHes upon the . approval or authority of 

7 the Director, and his determination shall be final and con- 

8 elusive upon the "accounting officers of the Government. 

9 Sec. 4. In addition sums ns are authorized by 

10 section 1 hereof, not tb exceed |l,b00,000 is authorized 



SCUtIUJJ. JL ■ •>. ■ • ' p 

ScicnM 



-fl. 



the. ‘‘National Science. 

,f >t -r«i«rm oi .u\>M 0 



16 Seo. . 5 , jjfcis ictni^be : ^ted ^ o 







vm 



! .t; i'-'ivLn. j- 

/till 

*?*&&*.: 

>:$fc 
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91st CONGRESS 
1st Session 



S. 1857 



► S i * -• » - -t 



\ 



IN THE SENATE OE THE UNITED STATES 



Anux, 18, 1969 



Mr. 



. „ ^ ^ »" ^ It. * „.i . 

; which was read twice' and referred 



to the Committee on Labor and Public Welfare 



vM; : i '_: / 



C : * fiU'r-t iv: j i U - -.".i. t 0> * U 



MHv. .Mi - 






i,r , : v 



'•l > > s * 



To authorize appropriations for activities of the National Science 

■ f t;. >1 . ■ ' -■ 

Eoundatioh pursuant to Public Law 8 1—507 , as amended. 



m?>' ••ifteBH.ao' .. • — s — , _ _ . 

1 Be it enacted by the Senate and House of Representa - 

:• rV'f ui' **., f 



. Tn^5*f r£-2^i vV ?>•?' J V»r5-j j M • sa'l * "Mi £$$*$07 £'*'*>&***< i *.*T ' • * * 

2 tiues of the United States of America in Congress assert 

'■■■'■I zi&i -Z&& .sj.; v i fa.- j'- ... 

3 That there is hereby authorized to be appropriated to the 






4 National Science Eoundation for the following programs: 

* ' " ' ' ' .• i;i 

$248,600,000. 




iSISS 
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1 (6) Intepational cooperative science activities, 

2 $2,000,000. 1 K -* J * 



vj4 



2 



(7) Plamiing and policy.. studies, $2,900,000. 



4 (8) Program development and management, 

H/THYi'’* vi' Vi. '.It' d-i / ' ; .W i 

r> $17,000,000. 

(> , ; Sbc. 2.' (a) When so specified, in an appropriation, 

7 any amount appropriated pursuant to this Act may remain 



8 available without fiscal year limitation. •• 




12 the Director, and his determination shall be M and con- 

.'V ; 

i/i ; :<ni£’ nirnvision of this 



,‘ r ’- £ J ■> _ 

' : 

;t •:{*•» I.*. 

*' ; •; -r .M Cu ' • > ,v 

a;;'. 

tp»» 




(c) no amount appropriated pursuant to ibis Act 



2 . 

D sented tp or requested of eijt^e^jsuck coioimtt^ unless— 
.. .4 ........ . -_j <? (A) a period of thirty, 4aySf)iasj pas$eA after the 

■ i.v.10 

G u Uk«. A 



AUVyl i ,y i ' 



lip; 






.dt ;r. ignees .conta^niiig $ < full, and .qomplote^t^tej^ent; of 
9 the action proposed to be taken and tho^apts and 

•Mm4. prp " 



n 



12 



13 



H £i •; 



r r 



(B) each such committee before the expira- 



tion 




14 

15 



written notice to the effect that such coinm^ lias 
no objle^ioirto the Foundation proceeding with the 
- ‘ 16 ; ; X ^ ^ Biiirty ; 

/ ' : ^ ^ 0 f/ t He National Science » n ^tion 



O 

ERIC 




10 



1 for which the authorization was enacted* to the extent that 

2 such appropriation has nottheretoforeactually been made.” 
-- 3 > - SEC. 5. In addition to such sums as are authorized by 
m section 1 hereof, not to exceed $3*000,000 is authorized to 

5 ? be appropriated for expenses of the National Science Founda- 



6 tioii incurred outside the United States to -be paid for in 
-7 foreign’ currencies which the Treasury Department deter- 
) ■ j 8’**' mines to" be’Oxcesa ? to the 1 norma! requirements of the United 



^ 9^^ States? i 



i >; 



• r-'i 

' \ - i. 



10< 1 1 Act maybe cited as ’the “N ational Science 

11 Foundation Authorization Act 'of 1970' . * 






X; V 












V ? {$ ' “ v ' '•• •' \ I'./' * v ’ ’’ 
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5 -I >. NATIONAX. SCIENCEiFOUNDATION, i 

Washington, p.O., May Zi 1969s 

Hon. Ralph Yarborough, ^ -.^-i ,L«-v.rfvy(j.-fi 1 ,Bi \iV\A ,tO 

Chairman, Comniittee on Labpr andPup^Wf^ ; ^fr ^ 

17 .®; S enatej : Washington, DC. •* '» „ i * *i «oWi 

Dear Mb. Chairman : ! This is in further reply to your letter o^P^J. , A , 1 2f 6 2’ 

l^^s,?iasfssiss 

am ended (42 U.S.O. §1875) . 

/While, enactment of eitter hill wopld 

^il^^^fo^ait^l^m only,' categories 
and the restrictions on ' ' 



mill* tutr icomvwwq v** >r*. r*r — — - . : >_ „fi.nti ., 

l and 3 ,of 'M. \ 1857, thej^by : ei^rin^ r gre^f^exit^tity. 
hmdfl tratlon of the Foundation's funds. . j; r , . ^ 1*5 {,%• 



•lorwU^i 



.1 nt iw*< 



Executive Office pr, the President, ^ 

.^ rt ,,..».> '• ’;;■/•■' ><157 .fiOV >i ^Oi^-THBrBt^HiT,' 

;av%* M *>ni , 

HojoiT R alph YAkBmamkft, qR'* 0 »> ot ,i{$d«^&bfrbl 

iwsd wr.7 



This tU* ip ’reply' to |our repnestrf 

repirts on S 1856 and S. 1857, bills “To authorize appropriations for activities 
;Of ; thdNationaj ~ ' “ ” •"- •• ’■ ' -- - r — ^ 



? f8?^l^^®^®^oimd^ f 6nr f 6^6WA v#. «• 
dollar amount without subdivision by program OEii*e?^popitidnei p* 
sWdlonsVon the allocation of funds am(mc» of 

S 1856 would ptoVidel such flexibility. In light of the,a 5 ove, ^^^g|gg^®niufa 

S, 1 ^,/^ch is ii»ord*^^ * resl * 

; ?^ 8 ’ .- 3 * . \ V'- ' - '. " , - ’ /:V' ' WILFRED H. RoMMEE^Q^ 




■ ... six'** I'?' 

-tiM.v: X&'AaSJ * - l - 
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p* ir-Uv-t; 7 






\V £<''•' ^ v- • 

•W-- ! : v ■”•>**/•.'.*: : 

rv ‘ : fi ■ 

•Ty . VV*:r.’^5.^Sv 




communications A 

On April 18, 1 introduced for foe 
new act to authorize appropriations for the , for?^ 

year 

priations for activities; of . the iNationat -Science^jEoimdationvfc 
marked fhat it seemsdesirableto provide for authorization for th? 



the-maximu 
its ' mandates 



imthfe PPBsent u.dminastration'SimQasure.) at*. so **. •• i 
la^icipate that these hearings will be of unmense informational 
value^^ r e^Ibf^%he performance and promise of the Rational 
Science'Foundation. ; v- , . 

Senator*!^ yp' u much, Senator ^ 

®%a&titb ii^ and Dr. Handler, if they- wiU be 

abdutthe importance at ^sistan^ ^p*^ 
andx&swonld^elt^ 

j* 1 * ''Jill L ? V"XT 
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lathis regard, l am reminded'of a smaU There wasu verjdis- 

tinguishedV iennese pharmacologist named Otto koewi S 

the^United States m^e fbrties and ^d^s prof^s<^^itn^ 
pharmacology -iop: some years at New jYork Umversi y. ..q 

in his mid-eighties, ihei received* anronvitation jfrom_one of o r , ,§L 
pharmaceutipal houses to give ta Seminar ®*/th^flabpr^K^ n^tar 
outside of r New York City. /Tie letter! of invitati^ on p feSSt 

out that, .unfortunately* their - finances were 

« n ,i. n nAiHi pWt»» ;Vni+. would nrorode jhis : transportation^ ; 
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with its implications for defense and for nuclear power for domestic 
purposes ; the widespread: public conviction and hope that, by scientific 
understanding, we might improve medical care ; Sputnik anddts chal- 
lenge, a challenge which was entered upon partly ror military reasons, 
partly because of » the promise for Improved meteorological findings, 
but in a large measure for-national prestige, for thie battle for men’s 
minds around the- globe; in this • demonstration of what a free society 




gener ally has indeed enhanced our -national prestige', and has contrib- 
uted demonstrably to jour hatipnabsecuriiy< ontb^ 

=■ > ; For my part, I am i Very proud to be ! a r citiz»n-' of » a ^country whofee 
Congress ^thought it appropriate to ; a create! aim ' agehcy like the Na- 
tional Science Foundation, an agency dedicated : ‘exclusively to the 
assurance of pur national strength^ in 

for the: classical mechanism in which 1 a bountiful 5 royalty occasiohally 




andAdeyelopineht:^ keyi tO.wr improved national defense. 







•i} v, V --T- 

’i if* ^ 4 T ■ ; r i ■/. 
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home and abroad. Yet the scientific underpinnings of that endeavor, 
if not already exhausted, have been pushed almost to their hmits. 

It is clear that our demands for water are quite likely to limit the 
kind of civilization we can have and enjoy in the next century and 
centimes to come w™ ftow tomake available rela- 



cehturies to come. > yv e simpiy musi mu «.y - « T . - yr 

jtively cheap pure water on a vast scale if life is to be as good in the 

^ TSV Will require new sources of power, but we know where t^ftnd 







sssi-; ■: S. 

■tyS' . |S: 





16 



already do as well as, they can be done, even, in theory. By that I mean 
.4 . ^ Miom- the speed 



that most of us fly /aromid ;the ; globe at a velocity just belo^ t 
of sound arid;W;c^ very muchly 

who haye; gone into, orbit, and a privileged few, who haye;escaped. But 

^plaxiet, we r yeally qam’t hope, to traveLvery 
miich faster than ^resuly dQ. ;;;K ;, . ■ i; . ; , f > U) ■((■■ -n h . ^htviv, 

All of us communicate with each other, at j the, speed iof light by 
television, .by radio, and telenhone. and-.it can ?t be* done ' an v. more 



■ V AQAV il ^ .< JL UiViXV^ . (V4JI \a jyj ^, w j ^ l ~~T t - 

rapi^y.iTCheipeedof:^ think 

Wut any, attempt; to ^celei^tj^.prf)<^.^^ • i ' fej£ - ^2 

; -^Pompute^,ha^/^^^ a 

ers haye been |d^yeloped t so rapidly, that ,they ? ; ,too, -,aije limited, 



jy«;.w5i& iraShe, time bc- 
t^ W .eTents;whia) h*pi»n : mji modern qomputer, So her^.too, we 




I®l»l?s 
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ERlCllifliSI 



Senator Kennedy. Dr. Handler, I want you tod Eeel *©e to 
with vour splendid testimony. Sometime or other, I would like to 
come back j£td explore in greater detail with you somewhat more 
precisely what you have in miiid in this area,^ beca^^-I ^ 
membere of this subcommittee, and generally v 

tee have i urisdiction over ,a number of different kinds of prog^n®, 
which are 3 trying to help us meet some of our social 
effectively and more, dramatically, with greater energy. ,0f cqurse^I 
am sure you are verymuch awareof the grpwiug feeling an^ concern 
about the reordering of priorities in ^ way to pome to grips ^ith. t 
social problems that exist in the country today. I ^sure^that .W 
or our^friends, and your friends, are, going to ^ 
this order of requests for funds, somewhat more : precisely ;^y. 
feel that you- are going to be better equipped tp.undertake 

For example, - in urban problems, in the n^han arpae which i; ya 
indicate in your budget, how will your work .differ -from the studies 
being done by the mSm coalition, for example ? Ho^can we be assured 
we are, not going^to bave, l an ,oyeriap, a; duplication in these, yanous 

. Dr* Handier. I, do not know .y^hether .1 can speakjtofkese, questio|iS 
with sufficient, underetanding. Senator Kennedy. O^e thought m this 
request ( ,is tlmi, these .centers be organized .on^and sat upiyersify cam- 
puses. The senior persons who would work there would be memb£rs_ot 
the university. .faculty, working ynth .graduate stjudente, im^ 
ates, postdoctoral felloes- The -university asj-lt has ;existed .. classically > 
is hot well equipped to deal with multidisciiilinary problems, yet, as, 
I said amomiBnt ^gOj tke preklemsiof swiety iusti d neat 

'hoii&is' to .create , an arrangement in 



, , w X nas aireauy sequeauaieu y* ;v^v 

r «^ipre d.ydll then. gei^rate-amewnway of tdQingli^?. pq?inegs,;im which 

diyip^j^ andiengpie^s^ S-nd: sp 

problepoS; k of , mutin^..ip|^i^^ - f h . d $$$* , 3 . £ itesp? 
c%oh*i&ej^r,si£eppedy&^^ 

s^dlkaK But I have father complete conffdeppe inS Ijhe cowwcip- 




m 







w 









1S.SO. 







I 



19 



, V •!.*-•* 




§|tK^ |:||||| 



Senator Kennedx. I suppose — and X want you to continue— d sup- 
pose one of the concerns that we have been very much aware of is, of 
course, the student activities which have taken place in a jiuinper of 
our great universitieSi Some of the teachers, even in the social sciences, 
are spending more time in research and less time in the classroom. I 
do not iknow whether we^ : are . going to be fundings programs which 
will take some of the very distinguished and renowned prof esSQM-end 
teachers out of the classrooms, putting thein, to. work,: as worthwhile 
as these studies might be, in this;neld of research. ? v \ ^ . ^ ; 

Senator Proijty. Mr; Chairman, could I follow that ^ up:? 

Senator KENisrEDY. Sure. ,7 ■ •, ‘bv.;-,v^ •-:> io . v- 

Senator Proxjt y. Recently I had the opportunity to visit with some 
undergraduate students at one of our major universities.’ One of their 
principal concerns was the fact- that they seldom see ;the: university s 
outstanding: scholars.! and <noted professors. .Their . courses .s,rB..con-‘ 
ducted by graduate , stud ents. I They , were genuinely concerned by this f! 
instructional arrangement.?;* •>£*'/'*’• ' :• .v»'->h ' 
I just wanted to follow, Sepatpr Kennedy s question up. along that 

" ilkiiHiViropiR. Thai is a difficult question to. deal- with; out of. com- 
plete: Iqiowledge, .gentlemen.- Fbr my part, X quspept- that, in a general - 
way*, .that - allegation ris a- capardt which ?yas no -more or .less; true? 50 •, ; 
years! ago than it •fis ! .to<iay> .it , was true , when X went to, college ,and 
graduate school. I do not" see any reason why it should be that much 

different today, - waj ^ 5.1a v 

•ilt .is;not,that -I am .dcfending, the-idea that prof essprs . ghouki do, 

A cjfnrlnnfo . RllC.h ■Bllt th© IftCt. : 




V-:V 



ft ft#*' " 









numerous occasions. I can vouch for similar j situations<6n many a 

Senator Rentjedt.* I ana sure you are not 'trying to convey the^ im- 
pre&sion that-^-as gifted er as talented as some graduate students are— 
they are any substitute for men of academic aclufeyement, learning, 
and experience who provide inspiration at many of the great umversi- 

your observation that because— -fortunately or 
- -- •* 1 50 years ago* professors are justi- 

; ^ owh ; contacts 



unfortunately — this was — „ — . 

fied in continuing this practice today. „ — 0 — 0 , - 

with young people, I do not think what was gdod enough 50 y ears 
ago — or even 5 years ago — is good enoggh ^ ^ 

r "With the* later statement^ Iffuhy concur* ’Senato^Bpt 



so,too, the university-mhst decidehowtpn^ oyno y 

university that thinks the faculty shall all go into the laboratottes .and -» 
not be seen by their students. There is no such plape. But we do have 
to decide how to ! use the f aculty f time most effectively. ^ ^ ^ 

The professor who is teaching a few graduate students in the labor- u 
atofy is teaching' jhst^as surefy as he is ^rheri he is in; a dassroom 
withP25-uhdergiaduates^ be the most meanmgful' teach 

ing he does; The students who ate rebeUing are ^awaye^of that proc- 
ess bedai^eth^haVehot yet cbfiie sufficiently- along in 'the system to 
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and divert those energies into even as worthwhile an effort as the pro- 

of that classroom at all. He is still to be on tcampns . and^iH to^do 
that lriUd of teaching. At the same tune, we 

eauivalent of a laboratory for the natural sciences, a building m which 

he meets with ’T^^swhere 

and encages in a kind of simulation of the:real world. That'; as where 

he wilfd^ldditional laboratory equivalent teaching: with advanced 

undergraduate students and graduate 

; s a wav we hope we can strengthen the educational system, not weaken 
it whilfe eauipiiiiifiC atibn to * deal with ' its social proWemai 

Mr. Chairman, J' would''like toread onto^the 

ricord a brief^paragraph from’ the Senate committee report on the 
Higher Education' Act of 1965 :> 

lie Of shi^fents thari preyiouBl^ fEictorB fwhich ’Oave lleconie * 

^'ttmtlmiM Mena rfoc.O»aihare_ 



ttfe 3 sfcndent.' We loOK tcr an k equitaoie Daianw ~ 

tea^ins akd> between tteioutKtde ^lecture ^platform or pubUsbing ^ouse apd ;the 

, clas^joomv \>i.i t'Oi ; j>d xn:-*:- - f 




iutermlcinliriarv program is ^ responsive to vervsenous 

%6h6erhs by Members of GongTess and generally by people through- 



ISsil 
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Board in trying to come to. gnpa 

cussion helps you better understand the kinds of questions _ 

of us supporting the program will be asked as we face other^.who ; ruay 

U '»V"HliX , : h & a ^;i.ay i make one addition.! 

I said earlier, we have on the university campuses seque^tered from 
the rest of society those persons most lmowfeteabie ( with, ros^ect,to 
the kind of problems.which confront society. TJiey are .called the. |a._ 
tv. What we are trying to do is make them ^a^maUy. useful /p. 
Nation Now, that means that we must ask that they a 

real world ip a real setting in a meaningful way. It is there where we 



reallyareisithatmedicalschoolsare usuallycongraentwathhospimls. 

Tbe ^tuderit learns about medicine^not m the' ab^sract but in_ the real 
World of &e v ho£^ deals' with theip. wr u 

• * i v\; f o nrmjftTsnfv, f».n.rrmnses^ txl6 StUuT 




OX SOGlOloey , pouhictu ;avicuw^ . J i ( ? j \ 
as these relate to society, can be made more meaningful, less abstract, 
less .abstruse, <more*co:nnected£with the j’ea\^ 

itolerate!tHeword,toassurei‘releyauce.;|Thi.siS>wbahW e SC e JiPP 1 fiS.^o 

do in creating problem* oriented wpteraiE^ 

j social ' ^iendas. whati hasj feeen < dpne*mu^unOi^ eff ectively. goy_ the: p^t- 
-^urai'fsoiend^iand 

m^i^w^O^ ^ri c nn eeriiigiS^oolinthOpast. 

■“Sir £ : . e®***: .. a* « n 4f,.T tn».T. T will -move 



f aipi;theii,< ,to jasKv y rhere • we^^apd r*y/^we? Mav. A v4 j =*ip see 





•;••• •'■■■:• • .■ 

■mx 

"V r--v. - • . 

^ , \ }\^- ^**4 
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not less but more science, more technology, and the result will be yet 
a better world for all of us to live. 

Although, therefore^ there are some of our young people .who think 
that for the moment, science is not relevant, my own feeling is that 
it is more relevant, more necessary than it ever has b«>n before. 

The sciences themselves are at once both m. difficulty and submerged 
in their own success. They; are in difficulty because we have more young 
scientists, more ideas than we can support. Our current_ limitations 
ef funds make it necessary to forego numbers of new ventures in sci- 
ence;' opportunities which we have not yet tried, some of which are 
rather expensive. Yet it is true that science thrives by taking advan- 
tage of new opportunities. We must have an infusion of new ventures 
from time to time, to pace the entire endeavor. , i a » ^ ... • 

At the same time, all around the, United States, carefully, with J< ed- 
eral funds,' we have been nurturing institutions which are now ready 
to take their places in the .-Vital schemehf fhingslns the performance; of 
scientific-, research and 5C0SW** education, quite as the Gongress has 
repeatedly requested, institutions find themselves unable to 

make further ppoi-rreee for > la, *k of funds.. So, ; in these terms, we^are 
deeply troubled,; oven though we understand » the i cdn^ramte ? which 
have brought abput this situation. And, it as not mv . intention _to be 
unreasonable in requesting a sheltered -position m , which the national 
scientific ,erideavor is utterly, unaffected by the, major" forces in our 
national izes But I do hope that you v^l recognizei the nature and 
magnitude of our dilemma. iTwo ^decades of 1 delibf. ,: irate^ ^ action- uy the 
Federal Government, ?with full encouragement -and support by the 

Congress, have -developed an intricate, network of laboratori^ and 

facilities and* brought m large numbers of the ‘finest young mmds our 
Natiohrcah * boast;: iUniversities >. have 'fully! committed themselves to 
theif part 'intthe endeavor;; Then, abruptly* commencingon fiscal year 
1967i.fininciailr support ^wasibrought to a' pi ateau i liast; year , th j; appro- 
priation to NSF was reduced by, 20 , percent from the, p^vious year. 
MeanwhaevinfldtibnjeiPdes tiiepurcKasing ppswenof available dollars ; 

conunitments^ new .young lhves- 

, fVioi ST! "01 IT! P’Tfldll fit© 
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Dr. Handier. I meant to give you a new set of examples of scientific 
success 






i Dr. Handier. May I conclude with a different set-of remarks, then:? 

Senator KxkxrwY-: 'Sure ; ".si a-?;;! ••£ s iw.-.v\- • s * i *-* - .• : <•. /--Mv' <s-:o;a>i' ?• 

?Dk Handler. Because we have< 'been talking about the- universities, 
and since the programs: of NSF- are implemented at the colleges and 
universities; I* -would' like to talk about-them for just a moment, if I 
-may: vjnr.i ; ..t«*-i to- av o;> -si 10 

As you know, our universities are in deej!> trouble. At the moment, 
thereds no nniversity known to- me which is not iii dire ; distress. -1 : ‘ *» ' 

■- What I am asking for is that our universities be given the opportu- 
nity to work themselves out of Ike problems in which they find them- 
selves. ; The' problems are' real enough; Ourstudents’ - requests have at 
their roots genuine problems tof ^American societyy as* well as genuine 
problems inf the role of' the university in our society. I^think many of 
the complaints -are contrived;' many of them are<not : as ^relevant' as<the 
students seem ito find them, and- some are deliberateiy destructive: *But 
it is easy to distinguish which is -Which- 1 My. hope is that /there shall be 
ho; -great ^‘backlash??] from -- the - American, people or their Congress in 
which; out * of i chagrin, disgust^' repugnance; Or impatience :f or -what 
goes on, onithe- campus it is decidedmot to supporttthe sciences* either 




/. ?:#he / creil^.pf : such actr 



' ft ' ", ' ~ -x ; '- 

' ' ■ • • ' '' “ ^ i , j-'y 1 1 
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bit clearer now than they did. Surely, we have had a sufficient^umber 
of demonstrations of what not to do. I_ aim not sure ^here have 
had any clear demonstration of what to do. But we probably will have 
more experiments thrust upon us, whether wfcwant^toprnot^ ■ ; 

I do believe that liniversav administrations, their trustees, 
faculties, will learn how to live with these problems, how t^evo^e a 
new form of government for the university, a f ormin whidi legitimate 
heard. and dealt with ^ 

immedia tely recognized as such and denied; Idhmk that, shortly; w 
will find that the forcible seizure of property, the use of abusive lan- 
guage^ will no longer be condoned by the powers that be on anv campus, 
Shaving been demonstrated that 4at route, turning the other cheek, 
as it were, does not seem to be successful, it merely breeds the next 
action of : theisame.kind.’X that,' before Jtheiiext^icid^^c 

year i is outy uriiversiiiescwilb have learned tto cope v with soriie ^of these 
problems* : while avoiding the pitfall of 

transformed into an instrument for social actions, I am m>tut 
tain that I know how any external agency, ?uch as the^Federal Gov- 
ernment, can reach in arid change* that pattemin a u^ful way^ut 1 
would hateito' see our society piJl tiie rug outifrom under ^emnver- 
sity whileitis struggling with a class of problems it pfeveri knew-be- 
fore No greater calamity could, befall American society^ v ; \ % * 

Senato?KENNEDT. One of the maj of* problems cbrtfoontmg the 

CongresM^id I hope Dr. Haworth might express his view on this as 

weU^isSfe^pro^leinf of reyiewing ^^ti^n^J progfiams witte^ffW- 
Y «K7 < “ _■ 7®!®* - 2?, ~u. taiwrantinquiiy ;vregarding; the 

the -Seriate*' cbnrinittees 

syste ms MCI maxe recommenaa^ioris^T^th to ^hich we atferiipt 










^Senator Kbnwkdy. Yes. I am itnn f ff ul .of .the . suj^estion of Dr . Kil- 
lian not lon2«<^»wf‘ havinj|ei 1 ^ ) jhly coiSpet«flt independent group 
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opinion: on the, technical aspects of the ABM. If that had occurred, I 
think the Academy would have responded, limiting its response to an 
analysis of the technical aspects of the problem— not how deployment 
of an ABM system, might relate to abilities to, deal with the Soviet 
Union in a political context, nor how it might affect the problem of 
disarmament, but aitechnical evaluation of the capability of any jpro- 
posed system. Such advice is the only excuse for the existence of the 
Academy, and I can promise that we would assemble the most.com- 



nical advice. 

Senator Kennedy, u ... . . w 

gress, saying we should have requested such a review from the Acad- 
emy? f- r. - •••■ 

Dr. Handler. Yes, sir. That was a pitch for business, I guess. 

Senator Kennedy. In other words, a* request for 'this kind of re- 
view would be welcomed, or at least recognized as part of the respon- 
sibilitynf the Academy. -w •* ' 

- -jDr. JElANDnEK.YeSj sir. 




Dr. Handier. • ....... 

Senator Kennedy. : Thank you y you may/.siipply :-a ' statement: for the 
record, if you wish.* t i-i •. Cist vS.i '••• -i’xypx •. vo > \ 

(The statement referred to follows :) ^ r ■.< 

t • :AT : ;• .. • • • ‘ Sift 

'lieiir Senator Kenned : At ^ie ! attiitirizalion hearing for the Natiohai Science 
F<randatibn;KUo^3^ ? tO extenfl ’my at&tement,^‘4bcnmenting : r some of the recent 
contributions of science. In viewHof the iOTbconixmttce’siint'erest InVthe social 
science?. , and , Jthfir. ^apnUcktion to .societal , puipo^/ :^,^ct^rly : l$y . 
plinlixY eff6rts,;may I tjpe thi^i opi^rtuiiity t^ introduce to you, , for the record, v an 
a*rticie ! 6y Dr. Heaii^' Wl Meciefn, Presidteht ; of th6 Social SWenie Besearjeh .Conn- 
mi * si; n r»li‘ frillrnmi^ most. 5 OT^iIl^ ; sta1«Iheht , of the 



jr- / 5 : .«*» * * • 
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&ncL that they need only, to be force-fed (the recommended diet varies from 
prescxiber to prescriber ) in order to grow faster and to make their contribution 
l&r^6r« r ; 1 *. t ■' - 

The social ^sciences do have a contribution to make to social practice but not 
so large a contribution as they will make if helped to develop properly. At this 
point in history, the magnitude of major social; problems exceeds the capacity 
of social scientists to solve them. 

Such expectations have ; been entertained before* 5 e In the latter part of the 
nineteenth: century and ithe first decade or so of the twentieth, social soientifitfts 
of the day offered advice to the progressive political and social movements of 
the times*; As David Truman: has pointed out, these political scientists and sociol- 
ogists operated not only from a weak position Jin the political structure, but 
also with an almost total lack of theoretical :■ sophistication, quite nonrigorous 
methods,! and few facts about the systems on which they were advising.^ They 
were> intellectually premature and too ready to claim relevance. Their efforts 
fell far short of expectations, both their own and expectations of those who, 
from ( outside the disciplines, had call ed upon th em .' n- ; i - •■■■ • : J j 

Social scientists had another try during the early years of the New Deal 
when economists especially, but sociologists and political scientists too, were 
invited into* government and Other institutions to develop programs, plans, and 
social devices for dealing with -the Great Depression. The novel -thinking of 
agricultural economists and the resultant development of ihetitutions fc? what 
was then known as “farm relief*' were considerably more successful than the 
efforts of the social reformers of the early 1900'si had been; : \ r ^ 

> One rea&on for the relatlvely greater successor the' applied economics of the 
New Deal was that there had been developing' in the United States a considerable 
sophistication * in' hdonomicsi as a' discipline, together with a good empirical base 
nf fin hji d 'fen ■ ftwnimfil 



of’data that had c heeioi T thehrior decades^ In ' comparison 'with 

today's 'data; base, ^ that- of the l 1980? s was poor" and small; 1 hut it was a vast im- 



provement over th^virthcil data va*ccum : oflSOO^ Another reft son f or ■ the relative 
suoeeSs was proteb?^ the degtee of desperation that^ripped the- country- and led 
to! a • Willihgriess >; tb* try %he somewhat r adfcal m^Mres that were proposed by 
economists; partly because people were willing to try the measures; -they were 
successftil. 






when ^s^ctiolo^st^ ^^fid " ahthropoiogist^ especially Baade significant contribu- 
tldda tb ^ tli#Wph^fi%nfdf; the^ w^ ^ of occupied territories. 



^Social 4 
whatflihey 



sbientists/dre^ cuf f 

eye ^hkvO *<£hfter^^ is how ^fcirly welt 

“ * racial segregation and; 



suc- 

a^‘ prevent^ their 

f . effbi^hi^order to 



_ BiMtatiOhs'O^s 



iudividuatlfehAvioil . 



•social J’probr 

Lrandfihaiiy tho* 

ittkhcfentdfo^ 



l Over we^aecHues has ibOen to^ dbyelop 
int0 to define their ; : oym 



UAa^fndi ^ nii^n • method olbkiCaie or teteh- 



Pai l T rainln g. M » 160v;)t|08^12.-MEy 8* lOt'- ■ ^ 

1 These i^suesare taken up In tlie longtr artide ltt fioofal Soiwoc fn/oniwWoH dtod above. 
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problem; not as a wise man. or a clever eonsultant. but as a ^^entisW quickly 
finds that the popular, or common-sense statement of the problem, is eiiher^ii^v 
complete or misleading; that “the” problem is ^® a U^m^y problems.^ on^ 
some of which fall': wLthin the disciplinary or scientiflc scope , and that ttiere are 

severs inadequacies in the methodological or ltwhnic^ eqi^mOTtto^ he ha 

for dealing with “the” practical problem; - Sometimes- scientist exmnini t^nHafc 
‘‘real Xld” because some part of it has solved a ; problem ^the sc^atlst 

SSS£SB2S 

^^sasssss 

SsS-t 

waySeon a Seof their ownrandbecomegeiminely dissociate^frompracUcaI : 
nrSalems They form, instead, the central conceptual or. methqdologi<»l core pf . 
the science aesuck IThns, over ia period of ; time* a socW scie^_ c^grow m i 

n hsixart ^dbeCome increasingly • concerned- .with. questions that cojtfront .it r as 

SKESiS&SSM 

wohld ;graiuaUy v lose, all relevance However. ^pgenoua f^ 

InfmSice. For example,- 

interest Involving soc^l : pro&leme, 1 'p(^ 

o erience of graduate «t«$^'..Mgrket forces, fire also effective, ■! espec^ly CT^ts 

ynvemment agencies, to sppporfcapplled social 

market iactor otcimportahce. ■JS^e^y^^^^ce 

suiting firms. as.privat^.npaacadepiic^ enterprise^! ^lo^ ; pT^ ? the^po^Muty ot a < 
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new principles or connections between Concepts. Aji engineer’s creatively is to 
tangible invention^ of tilings or processes that have' a causative or productive 

^SSc^to?ery d 5^&®5li spotty areas, social development oV social engineer- 
ing does not exist Examples of social engineering can be found in economics in 
till development of tfeciil' h_d ibOhetary 1 policies; ahd? In l^^ollb^Mn new-: forms 
f e'sbeciallV 1 tiehaVier thefapy) , programmed' instruction, human 




duction units in * firms'. 

OrganizdiiondZ influences , :i .<>/; v ,'u? »» :• •■:;{:■ 

, The development of; an applied social science or asocial engineering may Pro- 
ceed faster through professional schools {especially business and medicine )i man 
through disciplinary. departments inj.univer sities;' ( i, > ; > i ■*>'* lo 

The academically; .based: research 5 and teaching: .unit in :tbe social spiences^ 3 

affected by forces- that hinder this: sort'Of development..Some are nrga^zationai, 

some scientific^ some* deriveJEom. the institutional, arrangements for ; th^epadnep 
of research inntheaocifrl sciences^Most research 5 isdone ; m: acadPhbe ^ttmg^by 
part-time or TShorMeiun.jWorfeerSj'iiei,' by prpfesspretftnd, gradua^s students, ^The 
former , have’ teaching i and administrative responsibilities that; tigse- ;up, part of 
their time, the latter-have a prlmary shott-term^interest in campletinga da^serta- 
tion and getting on in the world. The fprmer ; wprk part tune on a reseaf (^iprop- 
lem, the latter leave it for other places or other problems after a relatively 
short time. Thus, many social science research problems' are thCfeis sited be- 
cause they ate selected- f of' that reason*. This tendency is^abetted' by the current 

svStem of project grants' whicht tends ttoi erdphasize short-term! investigation: of 
<Mscrete problems rathfer than long-term, Exploratory and persistent pursuit of 
a problem a phehomenonVa methodi The absence of a tradition of long-term re- 
search dareers on a full-time basia, the teflexibiiity of space' that, makes.-it hard 
tot expand and contract the size of a long term prdject as such changes ‘become 
necessary the varyingirequlrements’ f or skilled- labor Lin interviewing and* data 
processing (currehtty ehSed by computer applibations) , all contribute to sporadic 
interest, easy discouragement, and-lackiof persistence. Vo <i;>h ;<-a; "• * : V.. - : 

Oh the other hand. the realfibasie advancfes'ih-social science seem more likely 
to i occur in settingsfr-such as .■disciplinary'. departments— that are relatively free 
n « Tire «)ru res ito ; devise ‘immediate solutions,; toiveorOs with client .systems, > and 1 
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each other. Willingness to listen and curiosity are more important than any- 
thing else, since transfer of training among social scientists is entirely possible, 
it may even help in the solution of, say, a psychological problem if an 
anthropologist without any particular training in psychology gets to thinking 

A third requirement is that the team have full opportunity of, perform its 
functions of engineering and development. This requires certain kinds of facili- 
ties: b uilding s and computers— -especially adequate “soft-ware” to go with the 
computing machinery and all the programming and other., technical., -Igelp,. that 
can be provided. One of the most useful techniques in social engineering is the 
simulation of the social processes that are believed to underlie the sociar prob- 
lem, In many cases these simulations will have to substitute for experimentation 
because of the Size or' other 'intractable features of the problem.- 

A fourth requirement is long-term funding commensurate with the size of 
the social problem. It is a commonplace* of American politics that social prob- 
lems must be solved quickly. We are adjured to waste no more timedn eliminat- 
ing segregation, discrimination, poverty, crime, and unemployment;_But while 
Sense of crisis may impel movement, a lot of it is waste motion. We are too 
impetuous and not persistent enough in trying to solve social problems. ProMems 
need sustained study, trials of many different kinds of solution rather thau one- 
shot panaceas arranged overnight by agencies that are funded on an annual basis 
and publicly criticized for lack of instant success. 

Problems in utilization of social science - • 

One of the most interesting points about social science contributions i to > the 
solution of social problems is that the process of introducing^ th ® 
sarv to solve the problem is in itself a problem in social science. Before intro- 
ducing changes into a quasi-stationary situation, the decision maker must 
consider a number of factors that affect the chances of success. First, he must 
consider the acceptability of his proposals to all the people invoived in the 
situation ; and the harm, damage, or deprivation that some of them may experi- 
ence. Next, he must assess the effectiveness of the methods he expi.cts to use 
to attract the attention and arouse willingness to explore, and the capacity he 
has to teach people new ways of hehaving. Finally, he uiust try to adjust tne 
incentive and inhibitory factors in the situation as to stabilise the new equilib- 
rium and maintain the change he aims to bring about. Almost air o- these 
problems exist in one form or another in utilization of the products of biological 
and physical sciences, too. But these sciences have not only an engineering or 
developmental branch that plus their ideas into usable form, but also a market- 
ing mechanism — a set of activities and relationship that handles these problems 
or is so constituted that it can afford to ignore some of them. 

On the whole, the marketing mechanisms for social inventions and devices 
do not parallel those for physical and biological technology. There are at least 
three reasons for this. In the first place, until* recently, there have been few 
social inventions -or ■ devices that could not be marketed or disseminated either 
through existing political mechanisms in the public sector, or through publication, 
or (through the establishment of a professional group, such as clinical psycholo- 
gists. It may be that marketing mechanisms Will spring up in response to the 
appearance of new items to; be marketed; For example, there are profit-making 
c ompanie s which now seem to ‘be ihterested'in developing and selling, as well as 
installing, new curricular materials and instructional procedures in the schools: 
and industrial ^rmp h^ye, contracted tolerate Aguwes,fp^.^ of 

poverty — usually through ’ retaining of the . unskilled or radersk0ed. This trend 
has yet to ^ ^alMted;!but ; it 'could al^et ;prof oundlythe n^^ ^f ^ t |rocess 

;is 
tection 



lie quality of i!fe Of one mdivia^ai 

at^ttme. Add tcTthis the fact that, a good many social inventions cannot be 
asslgneda uiiit Value.iund bie Cari aee'that the marketing mechanism must be the 
state in some forth* rather than private enterprise. 

. * .. j i vi 5 i? ir*.v V.»n ?r.t; ' 
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Public policy issues in the application of social science 

Some questions of public policy are raised by research and development activi- 
ties in the social sciences. For example, what should be the public policy toward 
deliberate social experimentation, especially toward concealed experiments, in 
which the subjects are not aware that they are involved in an experiment? There 
are scientific reasons for concealment but the public policy problem is 
the probable gains from conducting such an experiment outweigh the ethical 
undesirability of acting in a less than open fashion. There is something repugnant 
about concealment of purpose, even when the motives for it are disinterested and 
no one is harmed. There is something upsetting about discovering that what one 
thought was a real and natural flow of events was instead a carefully contrived- 
sequence of moves deliberately planned to accomplish a preconceived purpose. 

The benefits to the general public welfare have to be balanced against these 
possible disadvantages. If experimental purpose must be concealed in order to 
obtain valid knowledge that will lead to improved social policies at a relatively 
low cost, not only in money but in mistakes and discomforts visited upon citizens, 
then the undesirable features of a concealed experiment may be outweighed fea- 
tures of a concealed experiment may be outweighed by its advantages. The judg- 
ment cannot be made a priori for all cases; it must depend in each instance on 
the estimated costs and the anticipated benefits. Perhaps the more significant 
public policy question is : Who shall make the judgment? 

On a more general level, one may raise questions in terms of a conflict between 
two values : the advancement of knowledge, and the personal integrity and con- 
venience of the individual citizen. Nowhere does this conflict become more explicit 
than in questions concerning invasion of individual privacy, especially in regard 
to the collection of detailed data about individuals and their maintenance in 
files that are presumably to be used for research purposes. 

The issues here turn around safeguards as to how the data will be used, 
and in how much detail the data will be kept. Briefly summarized, what has been 
proposed is that certain kinds of data which are now regularly collected by vari- 
ous agencies (central and local authorities and perhaps private agencies, too) but 
kept in separate files and published only in aggregated forms be made available 
for research purposes on a disaggregated basis. More specifically it is proposed 
that data about individuals such as employment, income, savings, or expenditures 
be collected and stored in such a way that it would be possible to match the in- 
formation from these separate series, by individuals. The anonymity of the indi- 
vidual and the confidentiality of the information would presumably be maintained 
as they are now., The data system would be used for research purposes, not for 
administrative ones. 

Whether the very existence of a national data system would tempt those with 
legitimate! access to make illegitimate use of the data is a much more serious 
question, ; going well beyond, the data system per se. The question really turns 
around one's estimate of the likelihood of “big brotherism”-— of a controlling gov- 
emment and a controlled society, and of the role the social sciences might play- 
in bringing about such a situation or maintaining it. As our society grows in den- 
sity of- population; in interdependence, in complexity and technological sophistica- 
tion, the need for - rational planning and for the thoughtful and foresighted 
management of our affairs grows apace. And so does the need for vigilance in the 
defense of individual liberty, since there is always, as there always has been, the 
tempting possibility for thbse in power to ^Simplify" their problems by wielding 
their power in ways that constrict freedom- and ; constrain the less powerful. 

There is t no . Reason, however f to see . the ? social sciences na more culpable- or ■ 
more threatening than other kinds of science and technological development. 
The poweir 'of the state is increased by the development of sophisticated weapons 
for its police; more efficient communicatidn among them, arid by devices that 
enable eayes-dropping att a distance land .through a vwalL iThere; are dangers in 
pharmacological contjroL jof,- ^behavipr. p Individual ^frebdoni can; Ibe < abridged < by: 



tax exemptions^ ... 

In fact, the? social sciences can help to make us t aware -of threats to our free- 
dom while giving us greater, pg^er f to control; pur own ; behavior in constructive 
ways, helping us to be more tolc^t of diverel^; to leaxn to live together in 



greater hartnony* less violently anti! more Satfsfylngly. if Xfe are to reap these 
benefits,' however; we must work- at nnderstnndlng oarselves and bur society at 
perfec ting a soclalncience that: Is capable of, meeting the challenges of our future 
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Senator Kennedy. Senator Prouty. 

TOU will remain here as we continue with Dr. Haworth s t e slnmcmy. 
f am sure there will be some areas on which we might come back to 

y °I 4anfto SSnd a specie! word of greeting 

t f*hnf vorr aimoimced your resignation effective oO. All 

of us who have reviewed your career know how much vou have heipe 
to shape our scientific research and education, and m what high esteem 

vour work is held- by scientists in America and abroad. Those of us m 

the Congress who Imve had the opportunity to come m contact with 
you wilfLiss you. We appreciate very much your presence here to- 
dav and except to continue to call on you for guidance nn the future. 

f’know you have provided- avery extensive and ehallengmgstate- 
ment which we will make a part of the record'. If ydu wo^d^be W 
enough to highlight it for us, I think this would be the best way to 

proceed, if that is agreeablewith you. 

STATEMENT OF DR. LELAND J. HAWORTH, DIRECTOR, NATIONAL 

SCIENCE FOinffDATlON 

Dr. Hawokth. Thank you very mueh. Mr. Chairman, both for the 
opportunity to appear before you and for your kind though largely 

undeserved words. , 1 

I echo your sentiments in the statement that you made at th e begin- 
ning of this hearing as to the importance of these hearings. I think 
that the fact that the Foundation is for the first time going through 
the process of presenting these programs to two committees o± the 
Congress is a very important step in its own right. I believe it is par- 
ticularly timely for ihany of the 'reasons' that have been discu^ed 

both in your statement and m ; Dr. Handler s testimony and the dis- 
cussion'that went along with it, is timely becauF of the problems the 

Nation faces; If isitimely l^cause’ of thefact th^t there are^O financial 

- •_ chokp ' niid for many Qther reasons. 

you say,. Mir. Chair- 
man.: I. think in, j 
of. the-statement, 
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can pursue these two objectives together, particularly because re. 
ch conducted in universities, is itself as Dr. Handler said, pari 



in academic institutions, when one takes accour )th basic ana 

applied research. _ . _ . ,, x - 

We are, however, in addition, now faced with an especially strin- 
gent situation because of the leveling off of financial su|>port^ not on y 
in the Foundation, which has actually suffered a sharp drop in its ap- 
propriation this year, but also the leveling off u* other mission -oriented 
agencies that have supported this type of research m the universities 
because the knowledge, even very basic knowledge, developed in many 
of the fields will have ultimate utility for their missions. . 

These concerns are of two kinds : One is due to the fact that ^ financial 
support has leveled off at a time when the education enterprise, and 
particularly referrto the graduate education enterprise, continues to 
crow, when there are more and more, better and better students. There 
has been a doubling of graduate population in the last 10 or 12 years 
and it is anticipated there will be another doubling in the next 10 or 12 
years. Along with this, of course, is the fact that costs for a given type 
of activity constantly increase, both because of the general inflation 
of, say, 3 percent or so, and because the complexity of science is ever 
increasing. To support a given science requires more complicated ana 

costly equipment and more technical assistants, and so on. 

For this reason, it is actually true, I believe, that the total level oi 
research activity supported by the Federal Government in the uni- 
versities is actually less than it was 2 or 3 years ago. We view this with 
concern, not only because it islows down to some extent the advance- 
ment of knowledge, but, more importantly, 'because it affects the op- 
portunities for the training and 'education of future students. # 

You have already alluded in the discussion with respect to teaching 
that the universities do' not have enough f aculty. There are still not 
enough advanced ’ students being trained^ The 1 j unior colleges are, in 
large measure, having to man themselves by taking the best of sec- 
ondary schoolteachers, and iso nn; So' thi« general problem, of the sup - 
port of the 1 graduate enterprise, 'if you -want to call it that, in the 

sciences, is of concern to us/'" '««» j’. . - : i 

, i Unfortunately, as the! other agencies have leveled: off, we have not 
been able to step into the breach because our - own financial resources 
haive mot ! increased. In : fact,: as {E .mentioned, they have actually de- 
crosLSod* iq, iJifcfeiL©# - 1, . i ? i * , t * < i *. r ' - *1 

- If -we can take iaecounb (of fche increasing •• unit * costs, the Founda- 
tion’s total suppbrty total appropriations,' ' arOnotappreciably more 
than they! were. some-’6‘or yeairs ago in' Constant science dollars. 

’The: second concern arises from thed act that the leveling of support 
by themission-omented' ega 110 !® 6 has hrought about shifts in emphasis 
of. the work, supported! bylhose {agencies: This is fa matter that was dis- 
cussed; at i some, Ifength im ifche- hearings' before ’Mr: Daddario, so I shall 
not go into it so' ver jt much although' there' are,! beginning on page 5 
of my testimony, severalpages relating to some specifics. ■ 
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For example, the Defense Department has made policy decisions— 
which they might have made in any case, but perhaps not quite so 
quickly — to withdraw .• from certain fields of very basic science, such 
as astronomy and high energy and nuclear; physics. T have no quarrel 
with that decision. They feel that other branches of science are more 
important to their mission and they are ? of course, the best judges 
of that. But it has meant that the Foundation and to some extent, other 
agencies have had to attempt to redress imbalances that are brought 
about by this at a time when our own resources are not increasing. 

A couple of examples are the observatory in Puerto Rico, known as 
the Arecibo Observatory, which was financed originally by the Ad- 
vanced Research Projects Agency or ARPA, of the DOD, to conduct 
ionospheric studies. This is operated by Cornell University. It was also 
recognized that this would be a very fine radio telescope and the Cor- 
nell astronomers, with others joining in from other institutions, have 
actually turned it into one of the very best radio telescopes in the 
world. As time has gone on, the needs of the Defense Department for 
aeronomy research nave dropped off somewhat us they have obtained 
the knowledge that they have needed, so the emphasis on radio and 
radar astronomy has gone up. This happens at a time when DOD has 
decided to withdraw or largely withdraw from this field. As a conse- 
quence, we have worked out an agreement with the Defense Depart- 
ment, partaken in by the Office of Science and Technology, that we 
would gradually take over the support of this telescope. This year, we 
funded, I believe about one-third of the total operating costs. Next 
year, we expect to fund about two-thirds, and at that time, in October, 
to take contractual responsibility for the telescope, and continue to 
operate it under, contract with Cornell, but with the situation reversed 
in that, ARPA will now transfer funds to us rather than vice versa. 

There are other examples. In the field of high energy physics, we 
have in recent years taken over the responsibility for several of the 
most competent distinguished groups in the universities in this field. 
Many of these groups were supported by ONR, which stepped into 
the breach way back in .1946 and first began to support this sort of 
research in. universities, and, of course, initially supporting the very 
best groups. They have dropped off in; the level of their support. The 
situation is that if we or someone did not pick up the program, some of 
the very best groups in the country would not be supported. 

,,,'VThis again has been a plan, an internal .process undertaken by, the 
Department, of Defense, the National Science; Foundation* and the 
Office of; Science and-TechnolOgyv Some examples of groups whose sup- 
port we. have gradually: assumed in-the last 'couple, of years are : groups 
at Columbia University, at the University of Chicago j California In- 
stitute of Technology, and we are just in the process of. starting to 
sup port' a ; project at Stanford : where the principal man is Professor 
Hofstadler, who has -won the Nobel Prize for. his work using the linear 
accelerator. It is an especially* promising endeavor, not only because 
of the ; .very fine, research: that they do* but also because they have de- 
veloped- i techniques j by which very low > temperature technology can 
be; applied: ,t.o accelerators, making possible much more powerful, 
higher current accelerators because; of the fact that the resistance of 
the metal cavities can be made to disappear ; at' very low temperatures 
and there is very little energy lost * in . the accelerator itself. 
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That takes me, Mr. Chairman, to niy prepared statement. I hay6 
here a brief section oil how we approached the questiondf resource al- 
location. I believe it says essentially everything that I would try to 
say. It is a thing that is not easy to highlight, I think I will simply 
call your attention to it and not try to speak to it except to say that 
this is obviously, as you pointed out in your own satemerit, a very 
complicated matter. It is a matter of where should science be sup- 
ported, what kinds of science should be supported, taking into account 
the needs of society for knowledge in given fields, takmg into account 
t he relative opportunities for advancement in various fields of science. 
However great the need may be, there is no use in trying to do crash 
programs in fields in which one has no promising leads for makiiig 
advances, and so forth. 

There is also the question of the relative support of research versus 
the support of education in the more formalistic sense, versus science 

information and so forth and so forth. , 

I will call attention to the last paragraph on page 15 of that sec- 
tion, which points out how many individuals and groups of individuals 
partake in this decisionmaking process. There are, of course, the execu- 
tive offices, the Bureau of the Budget, the Office of Science and Tech- 
nology, the indirect help we get from the President’s Science Advisory 
Committee. There are many interagency committees that we par- 
ticipate in and so on. We, of course, make great use of the National 
Academy of Sciences, which has already been mentioned. And we 
have our own advisory committees, and lastly and most importantly, 
the National Science Board itself. So that this whole question of 
resource allocation is given a great deal of very detailed attention. ; 

But we cannot pretend that there is any preciseness about the deci- 
sions that we make. Many of the; factors are very intangible. There 
is no such thing as cost-benefit analysis in research, because we do not 
know what the results of the research are going to be, we cannot see 
what the usefulness of those resuits is going to be, ana so on. 

Let me turn now to the funding request itself on page 16, of which 
you are undoubtedly already completely familiar with the general 
outlines. We have requested authorization from this committee for an 
appropriation of $487 million and for $3 million equivalent in excess 
foreign currency. In our total appropriation request, there is also 
included $10 million ; which would come under already authorized 

legislation. ‘ : j.... 

Senator Keknedt. In our reyiew of many of these programs,, it. is 
necessary to' estabKsh^^ measure the programs 

^ Tovfll rp^oiiTiifis whidi is appropriate. W ith re- 

o say that $80 
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versities in their scientific endeavors.. One of the factors, on winch 
there were some numerical calculations, was the amount would he 
necessary in terms of additions to the Science Foundation s budget 
to assure that research activities in the universities, would not _di- 
minish compared to the 1968 level, assuming that increases mother 
agencies would just be sufficient to overcome the rising costs, without 
attempting to cover expansion in people. This was factored mto the 
calculations. Within the total sum allocated to us we were not quite 
able to meet that, but, you will note the table on page 17-A, that our 
request would increase research support by a total ox $55 million. 
Most, of that is because of this need to try to keep up with the in- 
creasing needs of the universities. Some of it, of course, also results 
from particular opportunities in science,, but that consideration affects 
how we distribute the funds more than it does the total funds.. 

Another consideration, and this is not .part of the authorization 
that this committee is asked to make, since it has already been author- 
ized, is that we are very impressed by the national sea grant program 
and its successes and we have asked for a 67-percent increase in our 
funding for that. 

A jvhird item in which we have requested a significant increase is 
the support of institutions. On page 17-A, it is the line called Insti- 
tutional Support for Science.” Now, as you will note, this is an item 
that suffered very severely this year as a result of appropriations re- 
ductions. In fact, it is less than half the fiscal year 1968 level. We are 
trying to get this group of programs back to somewhere near the 
1968 level. Those programs are of seyeral kinds. Tliey support the 
construction of new laboratories. a very modest amount. They in- 
clude a formula grant which is.givqn fo thes institutions on. the basis 
of a tapered , formula based on research , support which gives them 
flexible funds with which they can fill in the gaps, so to speak, between 
the project grants. v c< . b . ■ . , ' 

It i^lso includes tjhreeprograms directedat tryingfo assist the lpstiT 
tut^cmsto improve the quality .of their: science, jr,egearch and education, 
particularly tihose that are strong; but, not of i tfie very best. We have 
two .ino^^ip s at the graduate level, and one predomip^Ptly for the 

feyear cpifeggs. •- ap-’-* K.?. xoj. ’ io. •• 

rest jOf the budget ; ig ;; essentially keeping jthe status quo, or- at 

ortfie comMting^activ.^ 

$22 million last year, we are requestmg $22 million for next yg^.; \Ehis 
is very ^djest,in th^f^t ? t^ ft® ^4 for c<^mputers, r of course 

is bafloppm^ ^di^ted- 



t^npea JmQWft UJSCiPpomvY ttMrr&v* V# ;»>■ 
que^vonja iBastiinaijitain m .*11 di&nplines. tat 

sonwliat largw relative and in 

social science? as .part,,of the changes jffitrefoig)} 

w ah ho si A o of r o nf n An 7ifi o* iiQ tn .ffllllllinrr SiMJiBCl 
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read them in light of the discussion that has already been held, bu 
will merely ad fib a few of my own feelings about it f 

Our support of research has been almost entirely broken into the 
various disciplines-physics, chemistry, biology, and so on Now there 
was always inherent in this, of course, the opportunity for us to use 
part of our social science funds, part of our engineering funds, part 
of our biology funds, say, to finance some multidisciplinary or mter- 
disciplinary activity. But unless there is a focal point, this does not 
really happen. In the first place, people who have an interest in attun- 
ing problems in a multiple way have no assurance or no place to & o, no 
particular staff to go to make proposals for this type of thing 

So I think even if it were not true, as it is, that there is a need for 
interdisciplinary research from the standpoint of attacking °ur so- 
cial problems, it still would be true that, there does need to be a focal 

^^ow^^lfi^i^^eatly enhanced bv our feelings about the need for 
multiple attacks oil these many problems and our feeling with respec 
to the Foundation as distinguished from other agencies is twofold. 
We think of this as complementing or supplementing the activities 
of some of the agencies such as Housing and Urban Development, 
Transportation, and so on, but in two particular ways. First, the 
Science Foundation— because of its history, its method- of operation, 
and so on— is much more familiar with the academic community, its 
potential, its interests, and so f birth than are other agencies. Hence 
we believe that we are in a very' good position to exploit — and I say 
that in the nice sense of the word, not the bad sense— to exploit the 
latent capabilities in the universities for groups ^tting together and 
attacking the problems— not necessarily trying to . sol ^sp5j| c P r ob- 
lems, But to grt ' the' underlying, coherent inf oi^tion that Will enable 
those who have to f deal a da^-i^tj^ to 

really attack aiid sblve tlieni. '[.‘V L.'. T 

0 tdlliiieah that the 

pl^pehd motb time ih Jh‘e fe'sbafch, it is'thati'they, 
research. 'Ahddhey; wiH r d6 f^bafch iri Cbnc'ert irirtea J of iri isolated 
Cdbbyhol^ : and will tryto have; Mei^layinVyhichthb jorkofon^ 
kifid' of fath. the 1 ^wbrk ( of oth<?r 



ribt neces^rilylaf 'aehte’ interest -tb :; afi^/ (fo^ag^ W e hope that in 

iffikhyn ihjCtim fe'Bs the 1 pf oafra'in ’ willdb^eftbp 1 information thaty^ill -bb use- 
ful to several, agencies,. m other words^fhb ^vliolies ^wiEbd^b^t^ than 

thb-'bttfewtheprt^i -V; }>VAi , ■ 

^Sbhatbf 1 ^ hdy d6 c: thes^ > sOrts of rfe^orte and.Studies 

^ task force : 'rebofts ! oh domestic heeds' arid 
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on your comment, if I may. 
Senator Kennedy. Yes. 
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Dr Haworth. The way in which this will differ from the studies 
that you have described is that those studies of necessity are simply 
compilations and analyses of existing laiowlcdge, as might be done in 
any single field, as well as across many fields. What we are mtendm & 
here is that there should be actual research by these combined groups 
that will extend the knowledge, not merely analyze and compile and 

annotate knowledge that already exists. ■ , , 

Senator Kennedy. Would that be done through research and pilot 
projects? 

Dr. Haworth. Yes. . _ . ^ . 

Senator Kennedy. Would you also be interested in altering univer- 
sity curriculum in connection with this program ? 

Dr. Haworth. Undoubtedly, some of that will be done. A very im- 
portant thing, I think, and I should have alluded to it earlier, is that 
we hope that oy having these concerted groups interested in particular 
problems that are of a complex nature, there will be students who be- 
come interested in this type of thing— as gradaute students, especi- 
ally— and that as time goes on there will begin to be experienced, well 
trained, wise people who have a background of this sort and not sim 
ply have entirely, say, a physics training and then try to use it m 
analyzing this or analyzing that, but will become specialized general- 
ists, if I can use that term, that is, people who are_ interested inland 
knowledgeable about the many facets of these problems. To what ex- 
tent will this result in curriculum in the sense of something that some- 
body lectures about is very hard to foresee. . . . . , . 

Now, as to your comment on vagueness, it is admittedly vague, it is 
frankly an experiment, as I say, in this text. But, as Dr. Handler has 
pointed oift, there are many groups ii\,the , universities, who have ideas 
about, attacking many problems, such as communication between vari- 
ous elements 6? society,: questions of the interaction be ween the capa- 
bility of doing something and the will to do it, as you expressed it an 
hour or so ago and any number of other complex subjects. do 

pr>t Toinw. nutil we ■ have shad, more dialog with a number of these 




t We do nou.mrena.to: use, ;a ^suuigiMJ. ■ 

here -and a bit there inlhis.progra^bnt rather to concentrate on a few 
thing s which we will identify as a result of discussions with our own 
advisers,- with the people ypho would .coalesce , to do thisRort on work, 
and ispon. bavehee^^ s 9 me of our advisory 

committees : to, have . such. ;a< program. Our engineering advisory poni- 
mittee, ribr example, mhde ;a (fprmal recommendation to me that we 

undertake.thistype;^ 'J . : -l’" Vj - ■ : ; 

FbUbwing pages l7andrT-A, where the tables show the breakdown 

of how we, propose^ to use the,. funds, if finally! authorized and uppro- 
pnatedb are , discussions add . descriptions of various f acets of the prpr 
granh We have bhfeady : been talking about one, the interdisciplinary 

;rY:have. already ^mentioned that we -expect to increase some things 
morei than^bthers, the ,suppoi^ r ofnengineering and the social sciences, 
the research support, for example.;.; ; i -w j j n >y.‘n : ‘ ••• i, \ : . 

X Have already inentioned that we would dike to get the institutional 
programs -back: do ; soinewhere near where the^ were a year ago- Thftve 

i ’.Tocct 
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already mentioned the see grant program. I have already mentioned 
the computers. 

I would like then to point out one particular thing that is of great 
concern to us that is not shown in the tables and not in that detail. 
That is the very great need for refurbishing and adding to our stock 
of large equipment and facilities. During the past several years, as 
we have had financial stringencies, we and other agencies have tended, 
and I think correctly, to try to maintain our on-going programs, to 
keep people working, to let them improve themselves and fellow their 
careers and so forth, at the expense of giving them increased oppor- 
tunities with respect to the types of things that they do. And as a re- 
sult, there has been a great dimunition in the support for equipment 
and facilities} scientific facilities, and also for general laboratory 
facilities. 

For example, if I remember rightly, the specialized facilities and 
equipment item, as we call it, was a $27 million item in fiscal year 
1965. It has dropped year by year until this year it is only $5 million. 
This is just a pittance in terms of the total needs. So part of the in- 
crease over this year that we are requesting for research support is to 
increase facilities and equipment by $10 million. 

Now, this is mostly for fairly modest equipment, chemical instru- 
ments, things of that sort. But part of it is to provide two fairly major 
items. One is to improve the radio telescope at Arecibo. This is the 
same installation that I spoke of earlier, but I am now speaking^ of 
capital improvement as distinguished from supporting the on-going 
research. We would like to spend about $3.3 million to provide an im- 
proved surface for the reflector of that telescope so it can be used at 
much shorter wave lengths, much higher frequencies, and be a much 
more effective instrument for radio astronomy. If that were done, and 
if later, a new radar; transmitter were placed there, this can also be- 
come: a very, very powerful instrument for planetary radar astronomy 
as weU as for ramo astronomy.; / m.! 1 :<•’ v ; , 

The other major item is an oceanographic research vessel. The fleet 
of about 30, oceanographic. vessels that we support is mostly very old. 
(Manyr ships; are ; 25 (years old or more; 'They are wearing out so that 
quite apart! from theneed for 'a larger; fleet, there need to be replace- 
ments. And ; we are proposing that there ;be' one such replacement next 
year. ,Wie are expecting to provide one from current funds this year. 
Next year’s vessel',; would cost $2;mplibn r .'i « yl! ■: v-ts ; : : : ^ 

;i This Tyofild be ; & new i type? of /resesarch vessel. It would be an adapta- 
tion of .the type , of: ?supply boats tha,t;;the oil' companies and other 
companies iUS^.; Thc4abo^tpries would be' on the deck and would be 
fully equipped laboratories; that ^could. be simply removed' by crane 
and;, replaced? by other. : laboratories : as: the needs change and so on. 

Those are some of the highlights of the program in which we have 
either requested%appreciablei increases’ compared to this year or, in 
some cases, where there; {was particular interest and discussion on the 
part of thelHouse committee!, wMch interest has been echoed by your 
OW^ot staffs. ; "J . ill in-j'-u-v":. i 

;v So, unless there; are questions About the program— may I call your 
attention to the factthat-each one has a brief description in these la^t 
30, pages or so— I \^ould> dike then to turn to the very last and for a 
moment stop at page 48 and point out our planning and policy studies. 
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and national, and so on, 
activities, some are exti 
own staff. 



I would like especially to mention that we have recently embarked 
on a very modest program of supporting studies at the State level 
as to how States can best utilize their scientific and tedmological 
resources. We have just a couple of grants for tins type of thing. e 
grants were given not to the State itself but to a university— the 
University of Tennessee is an example— but in close cooperation with 
the State government. The government of Tennessee, for example, is 
very interested in this. The State has also provided some money. They 
are trying to analyze what are their needs, how can they best exploit 
their own scientific and technical talents, resources, opportunities, and 

so forth. , . ' . 0 T ., 

Senator Protjty. Dr. Haworth, could I mterrupt there? I am quite 
interested in the program. I think the House subcommittee increased 
your request of $270,000, by $150,000, is that right? 

Dr. Hawokth. That is right. 

Senator Pkouty. I very much hope that that program can be 
expanded. I think it is very, very important. ' . . i 

Dr. Haworth. Thank you. In a similar way we have tried to exploit 
regional studies of the same nature, although that) has been limited 
so far to supporting interstate conferences. We supported^ conier- 
ence, for examples, : at . Louisville through the Southern Governors 
conference. '■ [ ■ v ? y a.i * i *> ; * 5 ' ^ 

Then finally; I would likeito turn to page 51 and read the last couple 
of i pages, because they sort of '. summarize my own thinking. I take 
entire personal responsibility for the views - 1 will express. ■■■-,■ 

... Li this highly rcondensedi overview, ! have- tried to present a num- 
ber of highlights of the Foundation- program and theplans for the 
coming fiscal year; L have wanted to cdnvey to you an impression 
of the exceedingly broad,. complex j;and varled : nature- of> this' program. 

The work of -the'Foundatidny:howeyer,;is-the rospdnseTo ^need; it 
is not imposed iupon the academic or r ^^ntific commUHities. This need 
is real and it is rapidly growiiighf^*]^ 

Foundation * \ naa fan$a to keep 

pace with thismeed. The manyi reasonS f dribud^tary'daUtion today 
■are. well understood., iBub whdridhis caution lSTocra^ 
rrroQ \ fAitieT^^nHstr6n^lit f iiiamely4 >th.e : um varsity i tod tne 





Another rapidly growing need is for computers, both to replace older 
models with higher capacity ones developed in recent years and to 
make computer services more generally available. There is also a grow- 
ing, almost crucial, shortage in universities with respect to general 
laboratory space, Federal funds for which have been held at a mini- 
mum in the past few years. ■ „ 

Over the longer range the outlook becomes even more diihcul.. lwo 
estimates of the future assume special importance: It is projected 
that the number of the Nation’s graduate students will double by 
1980, reaching a total of about 1.3 million by that time. Of the order 
of one-third of these students are and will be enrolled m scier' :j and 

en §ecS S of both the rising graduate population^ andthe ever in- 
creasing unit costs of science, the anticipated annual cost of graduate 
education in the sciences is expected to quadruple during the same pe- 
riod. That is only a decade. : . • , .1 j 

In spite of increased contributions to higher education, and espe- 
ciallv graduate education, by philanthropic organizations, by indus- 
try and by State and local governments, the rate of such increases can- 
hot match this escalation of cost. All recent studies agree that a sub- 
stantial share of the funding needed for this period of dynamic growth 
will necessarily be derived from the Federal Government. At the same 

time the Federal agencies that have constituted the major support of 

academic science and graduate education in the sciences will continue 
to experience changing priorities, the maturmg and termination of 
specific programs, and uncertain appropriation patterns. Each of these 
factors can and does have unfortunate, although inadvertent, ®«^cts 
on the stability and effectiveness of the educational process,. eftects that 
are ultimately 7 felt at all educati^ Foundation is to be 

fully effective in its role of strengthening^ he scientific research poten- 
tial of the Nation and mitigating these effects, I believe that, as addi- 
tional resouTCes ire made ayadable for Academic science, a larger pro- 
portion than' lias been the case in the past should. be assigned to the 
Foundation. This I believe would help; provide a more stable base to 
the academic science enterprise— a base upon which other agencies 
dohia bufld in fostering Research of p^rticillar .cphcern' to their own 

' ' ' " " " V! ' 
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beginning of a broadened and ever more constructive partnership between the 
Foundation and the Congress will certainly contribute to achieving the purposes 
for which the Foundation was originally established. We welcome, therefore, this 
opportunity to appear before you, to review the nature and objectives of our 
proposed program, and to discuss the outlook for the future and its significance, 
as we see it, to the well-being of American society. 

Since the end of World War II science in the United States has flourished 
as never before in man’s history anywhere. I believe that everyone is aware of 
the continuing contributions of science to the national security, to the public 
health, and to the dynamic growth of the economy as a whole. And I believe 
that we can take pride in the central role that has been played by the Fed- 
eral Government in the support of research and development. Through this sup- 
port, provided by many agencies, the great laboratories and research centers 
of the Nation— public and private, industrial, academic, and governmental- 
have been strengthened and enabled to build the resources that are available 
today for ever expanding opportunities for public service. 

Unfortunately, we are now in a period in which significant changes have 
been and are taking place in the patterns of support and performance. In place 
of an average annual compound growth rate of 12 percent for scientific activi- 
ties expenditures, which existed during the period 1953 through 1965, we have 
now essentially leveled off total expenditures in this sector. The impact of this 
leveling off has not been uniform and some programs and institutions have 
been severely affected ; this impact is especially severe in the Nation’s graduate 
universities, faced as they are with rapidly increasing student enrollments and 
the consequent need for larger faculties, and rapidly rising unit costs resulting 
both from general inflation and from the increasing complexity of science. This 
adverse impact is of especial concern to the National Science Foundation. 

The National Science Foundation resulted from a concept, bom before World 
War II had ended, that it would be desirable to have a Federal agency devoted 
to the support of science. From the early conceptual proposals, through the 
enabling legislation, the “National Science Foundation Act of 1950,” to the re- 
cent revision of the Act sponsored in the Senate by this Committee, one clear 
mandate emerged and has remained unchanged, namely, the Foundation’s re- 
sponsibility to exercise a Federal leadership role in the development and main- 
tenance of American science. Under this mandate, the overall nourishing of 
science by the Foundation has included tb 3 development of new knowledge, the 
development of the scientific and technical manpower required by a modern 
science-technology oriented society and the maintenance and development of 
institutions required for both of these functions. The programs evolved to ac- 
complish these tasks have been designed primarily to further the growth 
and welfare of research conducted in the academic and academically oriented 
institutions and of science education at all levels. 

That the universities of the National conduct the preponderance of all basic 
scientific research and that an even larger portion of the very best basic re- 
search scientists are found in them makes it inevitable that the research pro- 
grams of the Foundation, responsive to its primary mission to advance scientific 
knowledge, should have been directed in major part to these institutions. There 
is, however, another very special reason for making this overwhelmingly the 
case. Basic research in the university is an integral part of ! the process and 
the environment of graduate education in the sciences. Thus support given to 
the pursuit of scientific knowledge and understanding through research in 
universities collaterally supports the education of graduate students, not only 
through research' assistantship stipends for some but, much more generally, 
by underwriting the costs of the research that they pursue as part of the educa- 
tional prbcess. For these reasons, the Foundation directs more than four-fifths 
of its research support to, academic institutions— a far larger fraction than 
does any other agency— ais well as' supporting and contributing to their gen- 
eral strength and development through institutional assistance. It is for these 
reasons that the Foundation plays a a unique role in strengthening academic 
science and science education and thereby contributing to the Nation’s scientific 
strength in both the present and the potential sense. . 

i ^Throughout fits -history,' the Foundation has endeavored to carry out Its mis- 
'sion Wbest It> cduld With only very modest 1 resources.' At no time has its budget 
been sUehf that '^provided more than' about one-eighth of the total federal enp- 
iporb for basic research or about one^Sixth 1 of Federal funds foracademlc adence. 
Gonscdnently, although the ! Foundation has been a ‘principal supporter of certain 
fielde-^o.-g.; pure mathematica/gionnd-based astronomy, systematic and environ* 
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, .. , .. . nnt w n able to assume the across-the-board leading 

Seta the “S^rt Jf « ecienee that was contemplate,! at the time of 

its inception. ho fniiv aware of and adapt itself to the 

si afewsas: 

important ha, * ^ ee “ ^attin “Ip ™rt ot academic research by other agencies 
does that of the Found^ion, s ppo estimated that Federal research 

more than half of total suppmx ul ^ dncat ion is vitally dependent on in- 

the presen tcontext.the &r°wth earch But there has been in this situa- 

creasmg arising from the fact that the research require- 

tl0n * ^SvarioL^ pursuing specific missions do not necessarily coin- 

uients of the various agencies pu * ,r ^ f the universities for increas- 

snss »” 23 ££&z /masasa: 

culties, ,-mce the overall nfdsuf th€ * combtoel a^M u.; Tupport plus the 

problems have arisen. Bet»usecf . no t S only to restrict their academic re- 

tant science programs have Reen forced , ft fc Jv to tho^ fleM»;a^(^pa»^ffl“^ 
search support generally. con, 

that are closest to their estobU^ed melons ana s ^ althou gh 

sequent serious impact on academic resear ch. inc resu c 

thl decision was made, as an expression of the «*. 
eral effort in research and ^elopmen^ not to^edw* inconsequence. I believe 
ment of the educational process, tje ■ g^on s iSte made in budgeting and 
that, for this reason a careM^tocUon shoma^e^u our qolleges 

appropriating funds between those for resea rch to “ development appropriately 
and universities and those for other org nizations, 

sponsored in Federal laboratories, ^ 6 mment of academic science, 

important as that is. Support hy the higher education, should be deter- 

r.M'Sa&ffiKE S£& 5 2!Z£~ pan of a mud. W 
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sumed annual Increasa^ S^rc^t^for $ the sciences. Its annual sup- 
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and with fits adverse effects of theflC f ecent trends, 
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which can lead to breakthroughs in favor of safe, sure contributions ; will lower 
the quality of graduate education; and will discourage students from seeking 

careers in science and technology. . ,, , ^ 

The second concern of the Foundation that arises from the leveling of research 
support by other agencies relates to the need to continue the advance of basic 
knowledge in all fields of science. Except in a few instances, such National 

Sea Grant Program, the mission of the Foundation is not directed toward the 
achievement of specific, well-defined goals to which science and technology can 
contribute ; it is concerned instead with the present and future strength of the 
whole spectrum of science in the United States. When, therefore, it has been de- 
termined by a Federal agency that the support of a particular field of science is 
no longer as relevant to its assigned mission as in the past, that work has 
reached a point where continued support would lead to diminishing returns in 
relation to the specific mission, or that a reassessment of priorities is required 
because of budgetary considerations, it becomes necessary for the Foundation 
to review the activity threatened with reduction or even termination, and to 
consider it, in competition with other activities, for inclusion and continued 
support within the total program of the Foundation. I should like to mention 
two current examples, both of which are reflected in the present budget request. 
They result from the decision of the Department of Defense to withdraw its sup- 
port from research in astronomy, other than that conducted within its own 
laboratories, and from research in high energy and nuclear physics. There can 
be no criticism of the Department of Defense in arriving at these decisions. let 
they have come at a time when these fields are exceedingly vigorous, when the 
opportunities for important scientific accomplishment are increasing, and when 
the position of the United States in these fields, albeit strong, is by no means 

unique among the community of nations^ _ _ . 

A specific example of the first is the observatory at Arecibo, Puerto Rico. 
Undertaken by the Advanced Research Projects Agency or ARPA of the Depart- 
ment; Of Defense primarily for ionospheric studies, and operated by Cornell 
University, this gigantic installation, with an antenna 1000 feet in diameter, has 
become one of the world’s finest radio astronomy observatories, one that has, 
for example, contributed vitally to the recent exciting research on “pulsars.” As 
the heed of the Department of Defence for this facility diminishes, the Founda- 
tion proposes to exploit the opportunities for radio and radar astronomy at 
this location and to transform it into a National Research Center, available 
to scientists, graduate students, and faculty alike for research in radio 
nstronomv Toward this end we have partially supported the radio astronomy 
this year 'by transfer of funds to the Air Force, which has administered the 
contract for ARPA. Beginning in October, we plan to assume contractual respon- 
sibility and to provide complete support for the research in radio and radar 
flstrhnomv- ABPA will continue to fund the ionospheric research by transfer 
of funds to the Foundation. A separate consideration is a proposed project to 
greatly improve the facility by providing a much higher precision surface for 
refiectot. This pndertaking, 1 

hepsqpW even though the. Found^tion were not assuming full operating 

re ffir J> Sfic examples concern the support of ; high energy or elementary 
particle physics. Shortly the close of ’World War Pi ^comprehensive support 
^ .£ j£ e ' general field . of nuclear physics was undertaken by 
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I think it is important to emphasize that support of these projects is entirely 
consistent with the mission of the Foundation and with its policy of supporting 
work of outstanding merit and high scientific promise. All of them have com- 
pel ,<i successfully in an evaluation of quality and the Foundation is proud to 
include these projects in its program. 

RESOURCE ALLOCATION 

Implicit in the foregoing discussion is an exceedingly complex process of al- 
locating the funds available to the Foundation. Quite apart from the obvious 
but understandable constraint of limited funding in the face of ^ increasing 
needs of the growing number of scientists, the preparation of a budget by the 
Foundation differs in a fundamental sense from that in many other agencies, 
where the process consists of establishing priorities among a group of more 
or less unrelated activities characteristic of programs heavily committed, for 
example, to the development and production of hardware. The problem of 
the Foundation is made especially acute by the fact that its role encompasses all 
aspects both of basic science and of the educational system that Are associated 
with academic science. Its programs, therefore, include the maintenance of the 
quality and continuity of science itself through the support of worthy research 
and the protection of the academic environment of student and teacher within 
whi^h the Nation’s scientists end engineers have their origins; assistance in the 
provision of necessary science facilities and specialised equipment ; the provision 
of major national centers of “big science” where research on the frontiers of 
science can be conducted, with participation by “visiting” students and teachers : 
the development of the quality and effectiveness of academic departments and 
entire institutions; the support of students; and the insurance that the fruits 
of science in the form of scientific and technical information will be available 
to those who will earry the work further. They also include support for the Im- 
provement of teaching methods through the expanded use of computers and 
other scientific devices and techniques, the development of curriculum and 
course materials at the elementary and secondary level, and the training of 
toflclifers* 

All of these activities must be supported, in appropriate balance, with full 
regard for the specific needs to advance knowledge in individual scientific dis- 
ciplines and for the continuity of the educational process itself. As already noted, 
the Foundation must take account of variations in the programs of both Fed- 
eral and non-Federal agencies, variations that are occasioned both by national 
budgetary constraints and by the maturing and completion of specific programs 
and support in other agencies. And, as I also mentioned above, these services 
must be provided under the circumstance that the Foundation’s financial contri- 
bution to the scientific enterprise of the Nation is. small when compared to the 
total Federal or national commitment. 

The way in which the Foundation arrives at its budget request is thus an 
involved matter. It is not amenable, I should add. to mechanistic models or 
mathematical procedures or to the planning and projection of isolated projects. 
It necessarily begins with regard for the continuity of programs that have 
h«eu initiated* established, apd developed to their present status, programs that 
have fully demonstrated their worth within the total pattern of academic 
science. Addisons to and variations from this pattern of support are necessarily 
a matter of judgment;,, of examination of alternatives, of frank discnssfnp. and 
of trial arid error by many individuals during a lengthy period of planning and 
study, all subject to an assumed level of total Available funding. 

3f«»nv factors entered the deliberations, for example, that resulted in the fund- 
ing to be requested $>r Support of Scientific Research, the largest item of the 
imdeet reoiiest. A quantitative factor that was initially considered was the 
estimated amount that such support fry, the Foundation would need to increase 
to order to maintain stability ef . academic research under the seeminelv likely 
eirraimstnnce that the level of academic research activity supported by tbe com- 
bined budeets of all other Federal agencies would remain .approximately con- 
stant. Other factors Included the- current needs of the individual sciences and 
fihw.-uuudvsrs end rates of increase dfrfaoulty and students in these different 
fields. Past and current experience .of relative proposal pressure was taken into 
account «s one measure of differential need. In addition, account was necessarily 
taken of previous commitments and the continuation of major research under- 
takings that has already been started. 
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Among the most important considerations are those relating to priorities 
among the various areas of science, taking account of both the needs for partic- 
ular kinds of knowledge and the estimated promise that important progress can 
be made. These considerations result in shifting patterns of emphasis from tune 
to time. For example, in recent years the Foundation has been giving increasing 
emphasis to the marine sciences, including but not confined to the National Sea 
Grant Program; to Ecology, especially through the lntemational Biological • 
Program ; and to the Social Sciences. New knowledge m all of these fields will, 
in our opinion, lead to the eventual betterment of humankind. 

The determination of the budget request, the tangible expression of resource 
allocation by the Foundation, is thus the result of a iarge number of mdmd^l, 
interrelated considerations, few if any of which ^ould be 
process of determination is a continuing one — one that is assisted by studies by 
many groups within the Government— including the Bureau of the Budget, the 
President's Science Advisory Committee, the Office of Science and Technology 
and many Federal interagency committees which include members of the Foun- 
dation staff. External assistance comes from our own advisory committees and 
from studies conducted by the National Academy of Sciences. Of special im- 
portance is the overall review of the budget made by the National Science Board. 

THE NATIONAL SCIENCE FOUNDATION FUNDING BEQUEST 

That part of the Foundation's budget request tot .Fiscal Year ! 19^ is 

represented by the Authorization Bills under consideration by this Comm. -tee, 
includes $487.0 million Of new obligational authority and $3.0 million of excess 
foreign currency. In addition, $10 million for the National Sea Grant Program, 
already authorized under Public Law 80-688, as amended, and $2u.u million of 
previously appropriated funds placed in reserve during prior years by the Bureau 
of the Budget and made available for the Fiscal Year 1970 program, would lead 
to a total of $520.0 million available for obligation by the_ Foundation were an 
Authorization Bill to be enacted at, the 
$500 million in new funds 1 appropriated. The 

reconcile the authorization and appropriation requests for Kscal Year 197(kThe 
total of $520.0 million should be compared with the actual obligation of $466.0 
million in 1967, $505.2 million in 1968 and an obligation availability^ of $435.0 
million in 1969. Comparisons from 1968 on are made in the second tabulation 
which follows. 

RECONCILIATION OF AUTHORIZATION AND APPROPRIATION REQUESTS FOR FISCAL YEAR 1970 

(In millions of dollars] 



Authorization 



, To be 
authorized 
under Pub- 
lic Law 
tfl-507, as 
, amended 



Authorized 
under Pub- 
' lie Law 
89-688, as 
qmqnded 



Available 
from re- 
Approprl- serve under 
ation re- Public Law 
r quested 90-364 



Salaries and expenses appropriation , •= " 

Support of scientific research....-— — — ------- * 

National sea-grant program.-u-ii.. , , . \ u , 

Computing activities in education and research— • ; J zz.u — — — 

. Institutional supporter, science. m.u— 

Science education support....-...--.--:------- : Air 

: Science information actlvitlasl r . ^ ■ 

t / \ ntemational cooperative scientific acUvitles- — 1 \ 0 ~ r 

. Planning and policy .studies, i- . r ‘ ; 

' Prypeim development and management------ - 

/ Subtotal, salaries andrexpenses^approprlatron- ^ ^ . 4&7.0 ; - r 10 
To he . authorized: , ScleotWCp. Acttvftlfs Special :; . v v n-rvi m 3 0 

foreign currency) appropriation— ^ ■' _ 

V . , Total, ; : : 490 *° " ‘ 500,0 " 



4 T 7 | ' • 

248.6 „ 
10 . 0 * — 
• 22 . 0 '— 
! 69.0 
112.5 \. 

13.0 — 

r 2.0 J— 

i 2.9 

17.0 — 



497. 0‘ 






: ■ ■ - * v r ! -‘ - 1 ' i..- yi , i- v 



10 



Total esti- 
mated ob- 
ligations 



20 



20 



258.6 
10.0 
22.0 
i74. 0 
117.5 

13.0 

2.0 

i 2.9 

17.0 



517.0 

.3.0 



520.0 



r > . ; • ; : 



o ■ 

ERIC 
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SUMMARY OF NATIONAL SCIENCE FOUNDATION OBLIGATIONS, FISCAL YEARS 1968, 1969, 1970 



[In millions of dollarsl 





Actual 
fiscal year 
1968 


Estimate, 
fiscal year 
1969 


Estimate, 
fiscal year 
1970 


National sea-grant program... r 

Computing activities in education and research 

Institutional support for science — - 

Science education support - 

Science information activities....—-...- 

International cooperative scientific activities 

Planning and policy studies — 

Program development and management 


$236.5 

5.0 

22.0 

83.2 

124.8 

14.4 

1.4 

2.4 

15.4 


$223 

6 

17 

41 

116 

11 

2 

3 

16 


$258.6 

10.0 

22.0 

74.0 
117.0 

13.0 
2.0 
2.9 

17.0 


Subtotal, salaries r 

Scientific activities (special foreign currency appropriation) 


505.2 


435 


517.0 

3.0 




505.2 


435 


520.0 



It should be emphasized that the breakdown of allocations shown Ip these 
tabulations is to a considerable extent arbitrary. I have already discussed the 
interaction between research and education, particularly at .the^ graduate sieve!- 
Furthermore, although the two largest budget categories are labeled Support 
of Scientific Research; and Support of Science Education, they by no means in? 
elude all of the suuport for such activities. As you are well aware, the National 
Sea Grant Program specifically supports both research and formal education 
in the classroom sense. The same is true of the programln support of Computing 
Activities in Education and Research. The Institutional Development Programs 
assist universities and colleges to improve the quality of both their research and 
their science education. It should'also be pointed out that the category identi- 
fied as International Cooperative Scientific Activities includes only those pro- 
grams where the international aspects are the primary consideration ;ln addi- 
tion, many pregrams budgeted under Research, Education and Science Informa- 
tion’ si gnificant ly involve international activities in science. 

THE FISOAI* TEAR 1970 PROGRAM 

Because of limitations on time I will only summarize briefly the proposed 
Fiscal Year 1970 program of the Foundation. However, you have a quite detailed 
description of the programs which was submitted to the Subcommittee on Science 
Research and Development of the Committee on Science and Astronautics of the 
House of Representatives and published as Volume II of the record of our hear- 
ings before that Committee. ■ ■ ' ‘ . 

In considering the requested levels of funding for the various activities in 
Fiscal Year 1970 it should be noted that support of scientific research and .sup- 
port of academic institutions (including support for the provision of computer 
services V significantly exceed the, 1968 levels in absolute as well as ralative dol- 
lar amounts. I have already called attention to the substantial increases in the 
National Sea Grant .Program. On the other hand, it should be, emphasized that 
in snitiS of such recent actions as the. reduction of support of graduate students 
bv the Sustaining University Program of the; National Aeronautics and Space 
Administration, by the NDEA -Fellowship program of the Office of Education 
and through the privaite Woodrow Wilson Fellowships# the general support of 
education by the : Federal Government has experienced marked growth in recent 
years. For' this, reason, only raodest. increases in science, education support are 
r ecommendeds Iiy f ili© Foundation for Fiscal.Year.1970., ■; •••• • 

-.T' 

Activities' budgeted under ;the category of Scientific; JEteseajxh. coyer the entire 
spectrum about 60 .. percent of the budget 

they are grouped under four 
,L ~ Ifffiifiiifi. Support 
ut indiyiduai scientists lor g^oups r of 
subdisclplihes pfsciehce, mathematics 

million! 

rftjiMv-'! I*, won ii-yny’' to njrtmcTij-i. H '.<u 



4S 



s-a^a “aaMrs ss 1 s 

?^"=°t^ 

erated for the Foundation by university consortia and which provide ^veiy lai^e 

• +. r\ rv f d\ D«r*nnp<! o rv/i sGrvicGs to th6 scientific community at lui^e. 

eq The mkjor part of the ’support to be provided under this category has been 
i -ii rn nt*inue to be directed to basic research, as contemplated by the origi- 
m SsffioTlto? SffiSS -he Foundation In 1950 Basic research the 
? al «^ho«flnf all science and technologv and their utilization m the public 
Si ’ “““matos to ttfclntra 1 position, dominating academic science and its 
V* /■* /i ini on i- in p-rnduate education. The extension of the authority of the Foun 
datioS 1 therefor!, through Public Law 90-407, ta include the support of applied 
research at^ academic institutions and other nonprofit organizations, is not being 
interpreted as heralding a major change in direction m the program of the 
Foundation It is instead a much needed relaxation of the previous limitation 
fo basic Search in the Foundation’s general programs. Accordingly the Foun- 
dation proposes to use this authority to support applied research efforts only 
whei the work is clearly a natural extension of basic research being supported, 
wheS it is closely related to the education of scientists and engineers, or when the 
anticipated results can be expected to have broad applicacility to ^ience 
engineering or to the solution of important problems. It is not expected that m 
the Research Project .subcategory the support of research properly interpreted 
as applied in character will exceed in Fisoal Year 1970 an amount of about $10 
million or five percent of this subcategory. Certain applied research will be 
inducted in the National Center for Atmospheric Research and m some of the 
national programs, especially in the program for Weather Modification where 

“ Km^^SSfthe $105 million assigned to Scientific 

Research Project Support, more than 90 percent will be awarded to academic 
institutions to support the research of their faculty with -participation by stu- 
dents and other scientific -personnel. It is expected that almost 4,000 awards will 
be made ranging in amount from .a fewi theusanwi dollars to assist an individual 
scientist using little or no equipment, technical assistants or other services, to 
several hundred thousand dollars or even more for the support of a sizeable 
«toup of scientists cooperatively using a major facility, such as a particle accel- 
erator a telescope or an oceanographic research vessel. The duration of awards 
varies from one to two years or occasionally longer, the very large awards being 
generally limited to one year. The awards average somewhat less than $50,000 in 

amount and approximately 1.5 years in duration. \ , 

in the past the funds to provide scientific research project support have been 
subdivided among the various individual scientific disciplines. That pattern has 
S maintained in our proposals for Fiscal Year 1970 wi«i only relatively small 
nronortionate changes in every instance with the exception of engineering and 
the social sciences which have been given somewhat greater emphasis as a result 
of the Congressional action last year in authorizing' applied research and spe- 
Hfirallv identifying the social sdences for Foundation support. 

In addition and 1 of particular importance will be the initiation in Fiscal Year 
1970 of a' program Called ‘TwterdiscipllBary' Respttr<jh ! Relevant to Problems of 
our Society ,> , which has been budgeted for ^10 imiliiori. ’Part of the: difficulty in 
arriving at satisfactory solutions to some Qf our hontemporary social problems 
has ; been the difEust character Of the problems ti^mselves. requiring back- 
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his life is increasingly affected 

tnJwS^TOeciSTan^ oS'ot these aspects. Similar considerations apply to 

groups of individuals in what we call socie . means the sole bar- 

• A1 ^;if^STo? S sodal pSleSs wMcS ilyolre basic conflicts of interests 
decisive contributions to the underlying knowledge that will abi ‘ 

their'iMl'd'duaf'di^llpto^we^e^^^^^^^^^^^^Qr^y^ansion^in 

?he“v£mb“^ 

SSSS&ss 

that determine the health of our society. . p __. r -„nce will reveal how 

This is frankly an experimental program and only ®^P®. f evmnort w m 

SKTfiSS « 

»» £-SSt£ 

or academically-related groups and will, of course, De car.ieu 
ing 1 r^tdi^e^ facilities and 

availability of such new ^improved tajj* of Support, we have 

mrnrnmimsizmmm 

B,ico ^;&Q0,^0).lwid the construction of an oceanographic resea 

($2;000.000) m ‘ : ;:! - h ' 1j "' !; 

Tn CJTk^fn A'? flPTttfl 
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Uk opportunity that 

unless adequate modern research vessels and facilities are available. The exis g 
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fleet of 31 oceanographic research vessels operated by educational or research 
institutions includes 16 vessels ranging in age from 16 to 35 years and not con- 
structed for research purposes but converted for such use. The availability of 
modem research vessels is essential to adequate sea going laboratory facilities 
to ensure progress In our oceanographic research and training programs. While 
the construction of one new vessel will be funded from Fiscal Year 1969 funds, 
it is essential that tills minimum construction effort be continued by providing 
funds for one vessel in Fiscal Year 1970. 

We must in the future put considerably greater resources into making both 
general research equipment and major research facilities available. In addition 
to the general needs, there are many instances in which important potential 
advances are being inhibited by the lack of new types of major facilities for 
which the technical feasibility has been established. We believe that our request 
for Fiscal Year 1970 is a minimum start toward restoring this activity to an ap- 
propriate level in the Foundation’s program. 

National Research Programs . — The Foundation uses 'che term “National Re- 
search Programs’’ to designate certain concerted efforts which are singled out 
because of a national need to accomplish a specific task requiring concerted 
efforts in some particular field or group of fields. They may be characterized by 
the fact that they are designed to provide information to further possible appli- 
cations, that they involve science in a specific geographical area requiring con- 
certed logistics, or that they involve international science where cooperation 
abroad or coordination of the United States portion of an international effort 
is required. 

Programs currently receiving support- from NSF include the Internationnl Bio- 
logical Program ($5 million) , the Ocean Sediment Coring Program ($6.5 million) , 
the TT.S. Antarctic Program ($7.5 million), nnd the Global Atmospheric Program 
($1.5 million). Also, pending the lodging of specific responsibility elsewhere, we 
are continuing to give concerted support to a Weather Modification Program 
($2.7 million). ' 

The Weather Modification and the Antartic Programs: are of long-standing 
and I will not discuss them: The others are relatively new. The International 
Biological Program (IBP) is a broad research effort on the part of 50 nations to 
gain a better understanding of the changing relations between man and his en- 
vironment. The National Science Foundation is the- agency responsible for co- 
ordinating the U;S; portion of this important international research effort. The 
preliminary stages of IBP have passed,’ and we are now ready to begin the re- 
search urogram which will expand our understanding of - such, things as (1) the 
increasing size :and needs of human populations, (2) the, impact .of these in- 
creases upon the interconnected ecological systems of the earth, and (3) the im- 
pact and resulting effects on man. \ r ,_r >' 

The Global Atmospheric Program (GARP), is an international as well as an 
Interagency program, designed: to; develop ; scientific information necessary £ot 
the effective establishment of the World Weather Wateh. The Foundation’s role 
in this program,- for which the -Environmental Science Services Administratio n 
is the lead agency, is primarily that of bringing, together the talents and re- 
sources of academic science to bear on. the problems to be studied, both -by 
making grants fo ihdividual unlyersity groups and through the activities of the 
National Center. for Atmospheric Research, which will be, briefly described later. 

.The. Ocean Sediment Coring Program utilizes. the highly developed techniques 
of underwater drilling to recover sample cores of the ocean bottom sediments and, 
to a small additional depth, the underlying rock. Under a subcontract from the 
University of Califorida,San Diego, a commercial firm 1 has built and is now 
operating a vessel especially modified for the purpose and capable of drilling in 
ocean depths jup to 20.P00 feet. Although operations started, only last July, the 
cores already pbtained have yielded extremely important information concern- 
ing the history of the obean bottoms, the growth of the Mid-Atlantic Ridge, and 
continental drift’.. r ;v r> V " ’ v ' ! ’ 

National Research Centers— In certain areas of science tbc requisite facilities 
and equipmeriit arfV so large, coinplex and costly that it is feasible to provide them 
in Only veiw UnrifcEld numbers,! even though scienticts from many institutions, niay 
need them for their work. In other instances, research. 'can he successfully pur- 
sued only by assembling larger groups of scientists than is logical for a single 
hniversity Compos: To meet these needs there evolved during and after World 
War II the concept of national labOratoriesi- or nritionaf'research centers, owned 
by the ’ Government but opera tedby private— ns Wall y nonprofit — organizations. 
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Four such centers have been established by the Foundation which contracts for 
their operation with university consortia. They are the Rational Radio Astron- 
omy Observatory at Green Bank, West Virginia, operated by Associated Univer- 
sities Incorporated ; the Kitt Peak National Observatory in Arizona and the Cerro 
Tololo Inter-American Observatory in Chile, both devoted to optical astron ^ 
and operated by Associated Universities for Research m Astronomy; and the 
National Center for Atmospheric Research at Boulder, Colorado, operated by t e 

University Corporation for Atmospheric Research. 

The three observatories provide large telescopes for use by the astronomical 
community at large, approximately 60 percent of the observing time being uti- 
lized by visiting astronomers and graduate students. A relatively small scientific 
staff at each observatory provides scientific continuity and develops future plans. 

In addition to their responsibilities for conducting and supporting research 
programs proper, these observatories are responsible for carrying forward de- 
velopment of more advanced telescopes and other observing equipment; highly 
trained groups of scientists and engineers employed for this purpose ha” ■« been 

TKBSSl Center for Atmospheric Research (NCAR) serves ^veral im- 
portant functions. It is a laboratory at which a sizable staff of highly qualified 
scientists from many disciplines investigate the atmosphere in all of its phases, 
working especially on problems of a complex nature that require broad concerted 
attacks possibly only in such a large especially equipped laboratory. Again, 
highlv trained engineers, physicists and other scientists work to advance the re- 
quisite technology, to develop equipment and otherwise to provide services for 
the research personnel. Significant parts of the research are joined in by visiting 
scientists, primarily from academic institutions who thus have opportunity to 
utilize the special equipment and facilities. NCAR also organizes, coordinates 
and partakes in major programs participated in by other institutions, e sP e cially 
universities. For example, NCAR’s computerized six-layer . mathematical model 
of the general circulation of the global atmosphere is a critical ingredient of the 
Global Atmospheric Research Program which I referred to before, m addition 
to which NCAR is central to the organization and conduct of important field activ- 
ities incorporated in that program. NCAR is also playing a leading role in the 
national weather modification program. .. . nrn 

In addition to participation in NCAR’s own research program scientists from 
other institutions are provided special facilities such as highly instrumented air 
craft, a balloon launching facility in Texas and a large computing center for 
the conduct of their own experiments. 

National Sea Grant Program 

The response to the Sea Grant Program by both the academic community 
and industry has been country-wide. The enthusiasm, interest, and quality of 
proposals from all sectors, in response to a new concept and pi ogTam, estab- 
lished only in 1966, have been most impressive and gratifying. For example, m 

fiscal year 1968, shortly after, funds were first, appropriated for the start_of the 
nroeram we received 78 formal proposals and 87 serious inquiries. The 78 for 
mal proposals were submitted by 55 institutions in 28 states with the preponder- 
ance of content being in the fields of Food from the Sea, Engineering and Ocean 
En^SgranSfey services. You may recall that the three principal 
objectives' of the Sea Ctrapt Act . are directed _ to the training and 

marine science, support ^ofresearcb^ ^^^oi Ct vM^^^ 1 \ne P totai 

and to the support of marine advisory services. In fiscal year _1968, cue total 
fun ding for, the program' amounted to $5 million for support of 27 project grants 

aD Institiitional ^antfi^aving an objective of promoting competent centers for 
scienS, technical and administrative components of marine science were 
awarded in FY; 1968 to the University of Rhode -Island, Oregon Statp.U^ver^ty, 
^ivgr^ty of Ha^ jtfexas A&M University, University of Washington and 

U ?SS f MonoS^nd scientific results already have been produced. Among 
these^are the development of new methods, of propagating commercial uses of 

:.«t Technology ; the^dteemtaatlon rf 

significant . increases in shrimp production by the Francis T. Nicholls State 
' rttoAAtrmnr nf ppnhomieallv useful sources of sand and 
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During fiscal year 1969 with total funds of $6 million available, we plan to 
award a total of approximately 20 project grafts and 9 

Among the project grants already awarded is c.... to the University of Califoraia 
at Santa Barbara for partial support of research projects directed to the effec- 
tive use of the marine resources of the Santa Barbara Channel. The proposal 
leading to this award was submitted at about fhe time of the catastrophic oil 
leak early in the year and partial support was awarded m a few days for timely 

research dealing with the Santa Barbara Channel. ' _ . . , 

With the substantial increase requested for appropriations the pio 0 ram should 
gather further momentum in fiscal year 1970. 

Computing Activities in Education and Research 
For 10 years the Foundation has provided support for the development of 
academe computational facilities and operations, for curricula and -raining 
activities, and for research in the rapidly developing field of computer saence. 
That there exists a major need was recognized by the President to tos Health 
and Education Message to Congress on February 28, 1967. He directed the 
National Science Foundation, working with the U.S. Office of Education, to 
establish an experimental program for developing the potential of computers in 

ed Th?Foundation is the primary Federal source of support for the development 
of general, campus-wide computing resources, as distinguished from computer 
services dedicated to the specific research needs of Federal agencies. Generally, 
all agencies, including the Foundation, include funds for the purchase of 
computing services from a general campus-wide facility in their research project 

^Because of the growth of support by the Fofindation for computers to research 
and education, and in response to the President’s directive, the Foundation 
established the Office of Computing Activities on July 1, 1967. The objectives of 
its programs are to explore and develop the applications of computers m educa- 
tion and research, to strengthen and expand academic research And educationa 
activities in computer science, to increase the number of individuals framed to 
use computers and improve the quality of their training, and to help academic 
institutions provide adequate computing services for research Add education' 
The computing activities of the Foundation are organized in two programs : 
Institutional Computing Resources and Education and Research Activities. To 
further these goals the Foundation is working with educational institutions ana 

other Federal agencies. ' . , , . * ' „ * „ 

The Institutional Computing Resources program has prodded assistance, to 
many universities and colleges in developing campus computing services. 1 e 
mbst general at>prdadh lias been for institutions t6 establish at complex Of eqpip- 
meht, centrally adffiinistefdd. Otitef alternatives are! also beqomii^ Uvailatte: 
networks of teletypewfftefs or 1 other terminal devices, several independent or 
linked computers, pArtieitfatioih With pffiePiM 

puting resource, Or the p’uteh&se.bf Pom'meteiAl'tetyiteA.' ,There_ is further a grow- 

aconirine small specialized cpm- 



than a' dozen computer? of 

Ptiiiual computing costs* niay vtlif ^ fitbm te^ bff tio^ ^ever^I nmlion 

dollars. The transition to* an ; 'expafi^iad' lesf ^t',o^ ^^c^chti‘ fclaPe a . strain 

upon an institution’s' ‘fiMhcffiil tesbufdds,' afid 1 

financial support to onri niYiiTroreitipy diirlhf? this transition Period'. 

Grants are normally' 
an’ additional two ■ 
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classes : Curriculum Development and Training. Instructional Management Tech- 

ni Kc“ d rK «- «* computers in 

tlie sciences at both the sraduate and .nndetgradnate ' ■jjgJJgL ifhas been 
inf-prrhanep of comDuter-related course material among institutions, it nas peen 
Dronosed for example, that new courses be created to permit the student to simu- 
late on the computer the performance of complicated and often expensive labora- 
tory experiments or to explore at an early point in his tranung compkcated theo_ 
retical models. The Foundation has '.iso begun a number of efforts lo help 
redevelop curricula in the sciences in order to utilize the computer s advantages. 
Through other grants teachers are being given opportunities co learn to use - 
puters effectively and to understand the application of current developments in 
comnuter-based instruction to their fields. A 

Among the applications of computers to Instructional Management, expenments 
are being conducted in their use as teaching machines to present flexibly .co 
trolled instructional material, sometimes referred to as conaputer-assisted m 
struction. Other experiments are concerned with testing how the computer may 
provide the teacher with more direct guidance information about student prog- 
ress. However, these experiments also reveal inaclequamesm^ state 

of technology and in understanding of the basic process of learning. Grants have 
been made to encourage the study of these problems, and the Foundation is ulso 
planning to join with other agencies in developing coordinated support for a 

more sustained effort in this area. , , . . „ . 11Qfo 

Most colleges have neither the resources nor personnel to develop ^equat 
campus computing centers. The Regional College Computing Activity is addressed 
to this problem. New developments in computing have made it possible for indi- 
viduals and institutions to share in the use of remotely-operated computeis. The 
Foundation undertook 10 experiments in FY 1968 to test and demonstrate the 
merits and limitations of regional computing network concept in education, ihese 
pilot projects were designed to address such questions as : the means for faculty 
at small colleges to learn about computers and to explore new curricular mate- 
rials being developed elsewhere ; the useful computing languages, computing serv- 
ices, and their costs ; and the potential benefits from cooperative activities among 
institutions. To date, 57 grants for regional college computing activities have 
been awarded j they have involved .eight major universities, 82 paiticipatiiig.col- 
leges, and 23 secondary schools located in 25 States. 

In FY 1968 the Office of Computing Activities obligated a total of $22 million 
to provide direct and indirect assistance to universities, colleges, secondary 
schools, and educationally-related institutions. In that year 42 grants totaling 
$10,600,000 were awarded through the Institutional Computing Resources pro- 
gram and another 131 grants totalingj$ll.,400,000 were awarded for Education 

and Research Activities. . ■ ' • • • . . . 

Because of its reduced appropriation, in FY 1969 the Foundation expects to 
obligate only $17 million. The lower level required reducing the level of support 
for the Institutional Computing Rosourpes program, l to $6 million and slightly 
reducing the of spPIlprt fqr B^cdtiop wd Research Activities ta $11 mil- 
^ fvTof' ViJtyV. Vi^/vri+xr rnnftf tn.TPstoriuff the FY 1968 level 



lion! It f^tt r Wgh priority jgpit&t be given jto xe^tprapg the FY .1^8. level 
of ketivity for Institutional Computing Resources ; accordingly, the FY. 19,(0 
JwiOget. request 9 $ ,$22 ..ncuUipn include? |1 J. ,mipqn for this program an^an equal 
a^oU^f if or Education ^^Research V ...... . 

Institutional Swonort for Science ' : r ■ 



' Recognizing that the quality and quantity of research and science education in 
the U:S. is dependent upon the strength of the country’s universities and colleges, 
NS'F support itO' the academic institutions is not only substantial, it is varied in 
purpose and mechanism. Large" sums are granted fpr research as well as for 
trainings and for specialized facilities and equipment and computer assistance. 
Some.of these;e;g.,'snpp6rt for computer facilities’, have iniOtitution-wide impact. 
In' addition, th'ei NS'F has 1 established A varietyof programs that are explicitly 
designated as institutional programs. r ? • • • •' : i : 

i Maintenance! of institutional strength is the goal of two of these programs, 
“Graduate Science Facilities” ($8 million) and ^nstituttonal Grants for Science” 
#18 million) . Ipstiitutiofeal'Grantfe for Science provide general purpose grants to 
institutions; the amoiintS being determined'by a’formvila that ’:'ses as a base the 
research support recelved durlng an appropriate year. Eacii institution uses the 
funds^to sustain itsiscience 1 activitiee in accordance with ts own particular re- 
quirements, priorities and* judgments. Heretofore, the awards have been made in 



early June, on the basis of research support by NSF alone during the 12-month 
period ending o tin preceding March 31. Beginning in fiscal year 1970, the 
Foundation wil'. l>as<> he formula determining the size of the grants on the total 
research suppor' f» m all Federal agencies except the Public Health Service, 
which has its own program of this type. Since the only feasible 12-month period 
to use for this purpose is the fiscal year, it will be necessary to postpone the 
awards this year until autumn. Hence no funds will be used for this program in 
fiscal year 1969, accounting for an $18 million increase in Fiscal Year 1970 com- 
pared to Fiscal Year 1969. 

In addition to maintaining institutional strength, the NSF also tries to in- 
crease it by providing a spectrum of assistance through its University Science 
Development ($30 million), Departmental Science Development ($10 million), 
and College Science Improvement Programs ($8 million). Each of these pro- 
grams is suited to- groups of institutions of differing type, size and functions. 

The University Science Development Program (USD) is designed to provide 
assistance on a fairly broad front to a limited number of univeristies which, 
though not now among the very foremost in science, demonstrate definite po- 
tential for moving into the highest levels of scientific capability. Since the incep- 
tion of the program in 1964, USD grants amounting to almost $125 million have 
been made to 30 institutions in 21 states. 

The class of institutions for which the Departmental Science Development 
Program is designed includes those that have not reached high levels of overall 
quality, but which have attained significant strength and have capacities for 
marked improvement in individual departments or well-defined single areas of 
science. Approximately 355 emerging institutions are considered to b< be group 
eligible for participation. The Departmental Science Development i logram be- 
came operative in January 1967. Through the end of fiscal year 1968, grants total- 
ing $14 million had been awarded to 26 widely distributed institutions. 

The College Science Improvement Program, initiated in January 19G7, is a 
development program for predominantly undergraduate institutions. As such, 
it complements the Departmental and University Science Development Programs 
which serve institutions with a major commiment to graduate instruction and 
research. By means of grants of up to three years, an Institution devoted to under- 
graduate education may engage in a wide variety of activities designed to permit 
major improvements in the quality of its science education. Since its Inception 
the program has awarded grants totaling approximately $17 million to 96 col- 
leges in every region of the country. 

SCIENCE EDUCATION 

In carrying out its responsibility to initiate programs to Improve the scientific 
research potential of the country and to develop and encourage the pursuit of a 
national policy for the promotion of education in the sciences, the Foundation 
supports education activities which have as their specific goal an increase in the 
number and competence of scientists and engineers in this country and improve- 
ment in the quality of science education at all levels. Programs devoted to this end 
cover a broad range of activities that account for almost one-quarter of the total 
budget. 

Advanced science education is an obvious concern because at this educational 
level the student acquires competence for future scientific achievement. Quality 
performance is critical and every effort must be made to assure an appropriate 
education opportunity to those individuals who have the capacity and intellect 
to achieve a mastery of some aspect of modern science. The budget proposes a 
total of almost 9,000 formal fellowships and traineeships, principally at the grad- 
uate level, but with a modest number for immediate postdoctoral and a few 
even more advanced individuals. These awards are available on a competitive 
basis to all properly qualified U.S. scientists either through national competi- 
tion or through Foundation-sponsored traineeships administered by graduate in- 
stitutions. In addition, we support a number of science seminars and special proj- 
ects related to the improvement of the quality of graduate education through 
curriculum Improvement or otherwise. 

At the undergraduate and precollege levels the Foundation exploits its knowl- 
edge of and rapport with the scientific community, including creative research 
scientists, to bring their talents and experience to bear on improving the quality 
of science education in general with emphasis on its substantive content. The 
major efforts directed toward these ends are designed to 
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Bring about improvement in the quality of instructional programs at the 
elementary, secondary and college levels through the development of better 
courses and instructional materials, including partial support of equipment 
to implement improved undergraduate courses in colleges and universities ; 
curriculum improvement projects are highly organized and utilize the vary- 
ing talents of active scientists, teachers and administrators in a manner 
never done before. 

Improve tbt < npetence of elementary, secondary and college teachers 
through espe< ially designed instructional programs formally designated as 
“institutes”, i_ *st of which are held during the summer recess. Some, how- 
ever, are held during the academic year providing opportunities for those 
with leaves of absence to study, while still others provide opportunities for 
instruction for in-service teachers in the evenings and on Saturdays. 

Provide for the identification of high ability senior high school and under- 
graduate students and appropriately support them in meaningful enriched 
experiences in science, including introduction to research. Several thousand 
high school and college students are given such opportunities in the summer 
and many undergraduate students work with research scientists during the 
academic year. 

Support “college-school” cooperative projects through which colleges and 
universities assist elementary and secondary schools and school systems in- 
stall improved curricula and train staff ; this is presently a girowing compo- 
nent of the program. 

Include a more extensive involvement of junior colleges and technical 
institutes in relevant, existing programs. 

Accelerate the development of science capabilities of predominantly under- 
graduate institutions; the College Science Improvement Program budgeted 
under institutional programs is an important part of this effort. 

All of these programs, though seemingly scattered, are complementary to each 
other. 

Some idea of the impact of the Foundation’s programs on pre-college education 
can be given by the fact that secondary school teacher institutes funded in FY 
1970 will give training opportunities to approximately 33,000 secondary school 
teachers, in addition to which the Cooperative School Science Program will 
provide such opportunities for approximately 6,000 secondary and 1,800 elemen- 
tary school teachers. It is estimated that something like half of the secondary 
school science teachers in the ‘Ountry have had such opportunities in the past. 
Another important statistic is that more than three million secondary school 
students are now utilizing curriculum materials developed under Foundation 
auspices ; these represen t a substantial fraction — in some fields more than half — 
of all high school science students study physics, chemistry, biology and mathe- 
matics. Each year almost six thousand of the brightest students are given op- 
portunities to partake in research or other advanced science activities under the 
guidance of experienced scientists. 

Each year between seven and eight hundred colleges and universities receive 
support from the Foundation’s programs, including participation in the Sec- 
ondary School Teacher Institutes. Approximately 360 received support from the 
Instructional Equipment Program along in FY 1968. 

SCIENCE INFORMATION 

The Foundation’s science information program provides financial assistance 
to such organizations as scientific and technical societies, universities, research 
institutes and science museums in order that they may maintain their present 
services at an adequate level, design and acquire science information systems 
based on modern technologies and systems design, or undertake work that 
will lead to more effective information services in the future. 

The objective of this program is to provide adquately for the information 
needs of U. S. scientists, engineers, and graduate students by facilitating the 
?ow of scientific information, by encouraging the development of a system in 
each major field of science and engineering, and by fostering the development 
of a network of such information systems so that scientists and engineers will 
be able effectively to obtain information necessary for research, development, or 
education activities. 

Total obligations in 1968 were about $14.4 million. Approximately 66 percent 
of the total was allocated to Information Systems Development, about 22 per- 
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cent to Information Services and Publications, about 9 percent to Research 
and Advanced Development, and the remainder, .13 percent, to Foreign Science 
Information and Translation. The total estimate for 1969 is $11 million and 
that requested for 1970 is $13 million. 

The Chemical Information Project will illustrate the types of items included 
in Information Systems Development. The significant information unit in 
chemistry is the chemical compound. To develop an effective computerized sys- 
tem it was necessary to devise a method for input of the diagram of the chemical 
compound structure into the computer ; to devise methods of identifying these 
structures and substructures in the computer; to develop programs to tie these 
compound structures to the information about them ; and to develop methods to 
retrieve this information for use by scientists and engineers. Ten years ago 
none of these operations could be accomplished. A special typewriter for con- 
structing diagrams had to be devised; programs for the computer had to be 
written, and a special output system had to be built. Among contributors to the 
present experimental chemical compound registry system were IBM, the Walter 
Reed Army Hospital, several additional units of the Army, several chemical 
companies, the National Bureau of Standards, the Moore School of Electrical 
Engineering at the University of Pennsylvania, and the American Chemical 
Society. The cost for the input of a chemical compound in the registry system, 
because of improved techniques, has been reduced 25 percent in the past 3 years. 
There are between 3 and 4 million known compounds, while thousands of new 
ones are being discovered each year. 

Prototype experimental use is being made of this developing system by or- 
ganizations representing government agencies, industrial establishments, univer- 
sities, and foreign countries. Programs to improve information systems are also 
in progress in physics and psychology, while preliminary information system 
studies have been started in mathematics, the life, environmental, and social 
sciences, and engineering. 

These comprehensive discipline-oriented information systems cannot com- 
pletely meet the variety of information requirements of scientists and engineers 
located on university and college campuses. The Foundation is, therefore, pro- 
viding assistance to several university centered projects. One of these projects 
is located at Stanford University. Users can search the SPIRES (Stanford 
Physics Information REtrieval System) file from their offices or laboratories. 
More than one person at a time can use this system. Users have the option of 
searching by author, title, keywords, and dates. The SPIRES system can be 
expanded to serve scientists and engineers in the surrounding area ; the system 
will thus ultimately be a regional information system, capable of connecting 
users to a variety of information files. 

Under the program in Information Services and Publications more than 60 
scientific journals, including the establishment of 12 new journals in fields inade- 
quately served, have received Foundation support from time to time since 1958, 
and assistance has been provided in the publication of more than 240 mono- 
graphs in 13 scientific disciplines and fields, ranging from astronomy and bio- 
chemistry to zoology and anthropology. During the same period, the Foundation 
has in similar fashion provided support for more than 30 abstracting, indexing, 
and bibliographic services. 

Research, advanced development, and the study of methods for evaluating 
information systems are supported by the Foundation. A number of projects 
supported in the past have led to improvement in information activities. Founda- 
tion supported experiments have resulted in new techniques for handling 
graphics, such as chemical structures and mathematical and physical formulas 
in computer-controlled composition of scientific texts. Problems currently being 
investigated with Foundation support include: automated techniques and sys- 
tems design for a research library of the future ; computer techniques for index- 
ing articles ; computer and video techniques to assist the human indexer to index 
scientific articles and books faster; and methods by which large information 
systems can be connected into an information network. 

About one-half of the world’s scientific and technological literature is pub- 
lished in languages unfamiliar to most scientists in the United States. The 
Foundation, under its Foreign Science Information and Translation Activities, 
has one translation program conducted in the United States and another con- 
ducted in excess foreign currency countries. Nearly 516,000 pages of scientific 
and technical literature have been translated in the 10-year period from 1959- 
1968. Because the translation program conducted in excess currency countries 
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has proven useful to scientists and engineers, the Foundation is requesting 
authorization to expend the equivalent of $2 million in these excess foreign 
currencies in 1970. In addition, the Foundation has supported the preparation 
and publication of more than 5 reference aids; guides and : directories: Examples 
include Japanese Periodicals' Index and Directory of Selected? Research Insti- 
tutes of Eastern Europe. The Foundation also supports BilatfeWtl' exchange of 
information and participation in’ international governmental' and nongovern- 
mental organizations. An example of Foundation support for United States 
participation is provided by the Committee on Data for Science' and Technology 
(CODATA), a coordinated international program for the collection of critical 
data, organized two years ago. CODATA is located 1 in Frankfurt 1 West Germany, 
and is supported cooperatively by the major industrial countries. 

The immediate program of the Foundation includes : continued support of the 
developing information systems in chemistry and other disciplines; continued 
support for information services and publications, including the Science Infor- 
mation Exchange, as well as abstracting and indexing services, and primary 
publications; continued' support; both 1 in the United States and abroad, fof trans- 
lation of Slavic, Japanese, and Chinese scientific and technical literature; and 
support for ongoing experiments in universities to improve their research' librar- 
ies and to make better use of the large national inf Ormation services' in chemis- 
try, physics, and engineering. 



INTERNATIONAL SCIENCE ACTIVITIES 

Science cannot be confined within national boundaries. No country has a 
monopoly on scientific brains or ingenuity- Moreover, some phenomena of nature 
can be observed only in particular areas of the earth. Sometimes, progress in 
science is dependent upon the correlation of worldwide observations. 

As a consequence of these factors, activities involving science across national 
boundaries are carried on widely throughout the Foundation, as well as through 
a separate O trice of International Science Activities charged with administering 
specific international cooperative scientific programs as well as with general 
coordination of all international activities. Thus, in our regular research pro- 
grams awards are sometimes made to U.S. institutions for work which must 
be done partly or wholly abroad. An example would be an anthropological study 
in Africa or astronomical observations carried on by the Cero Tololo Inter- 
American Observatory in Chile. More directly, awards are sometimes made to a 
foreign institution because the research being carried on is of particular signifi- 
cance or because it affords an opportunity for American scientists to conduct 
specific research or be trained in a manner not available in this country. 

Similarly, the Foundation’s education divisions find that it is often most ap- 
propriate and desirable for Fellows receiving awards to undertake their study 
in foreign institutions where specialized scientific work is being pursued. This is 
particularly true of the older and most experienced scientists receiving fellow- 
ships, although a fair proportion of those who are about to earn or have just 
received their doctorates, also find it desirable to study abroad for a period at 
this stage in their careers in order to pursue the particular studies in which they 
wish to engage. Moreover, universities in this country find it desirable to have 
foreign scholars visit their campuses for relatively short periods of time in order 
to bring the knowledge of work in their fields abroad to this country This we 
also support to a limited extent. * 

Wliile articles contributed to scientific journals by U.S. scientists exceed *n 
number those contributed by the scientists of any other single nation his cutout 
represents only a fraction of' total world literature. Accordingly our Office 
of Science Information Service provides for translation and dissemination of 
foreign journals in this country. u 

In addition, however, to these and other types of participation in international 
science, which are funded: as integral parts' of the general activities of the 
Foundation, we support through a separate budget item of “International Co- 
operative Scientific Activities?’ certain specific activities. TheSe activities iricinde 
support of Cooperative Science Activities, Science Organization Ftegrahis arid 
International Travel. These programs aid in the strengthening of science and 
tn some instances also further general U.S. national interests abroad These 
activities encourage professional collaboration and contact between TJ S and 
foreign scientists, facilitate scientist-to-scientist communication across interna 
tional boundaries, and support U.S. participation in and assistance to kev inter" 
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national and foreign activities for the planning, coordination, and improvement 
of international scientific programs. 

Cooperative Science Activities embrace a number of formal cooperative ar- 
rangements between this and other countries, for example, the U.S.- Japan and 
U.S. -Italy Cooperative Science Programs, as well as a number of informal uni- 
versity-to-university agreements with institutions in countries where no formal 
government-to-govemment agreements exist. In addition, international science 
exchange programs are undertaken to encourage and increase contact and in- 
volvement in research, science education and science information activities by 
providing support for U.S. scientists to go overseas while foreign personnel come 
to this country. Formal exchange agreements with several East European coun- 
tries, administered for the Foundation by the National Academy of Sciences, 
constitute an important part of this program. Under these agreements each coun- 
try pays the salaries and the international travel of its own scientists while the 
host country fnnds their local travel and other appropriate expenses. 

The Foundation’s Science Organization Programs assist the work of interna- 
tional scientific unions and similar nongovernmental scientific organizations 
which came into being to promote professional, technical, and scientific interests 
and objectives of national scientific bodies. These international unions have 
proved to be remarkably useful and versatile as means of communication among 
the scientists of the world. In recent years, such intergovernmental organizations 
as UNESCO have increasingly called upon the scientific unions for advice and 
for scientific help. For instance, an international conference on the problems of 
environmental pollution was recently held by UNESCO with substantial pro- 
fessional help from the International Council of Scientific Unions. 

Support for international travel activities, budgeted as part of International 
Cooperative Scientific Activities, is managed by the research and education di- 
visions of the Foundation. This program supports the travel of scientists to inter- 
national meetings and congresses. Attendance at such meetings has paid off 
manyfold in better informed scientists, better scientific programs, speedier de- 
velopment of results, and, last but not least, in better international understand- 
ing. The Foundation exercises rigorous control over support extended by select- 
ing the most significant meetings — a fraction of the total number — and then 
selecting the scientists the Foundation will support to attend these meetings, 
using the normal Foundation evaluation processes. Care is taken to ensure that 
brilliant and promising young scientists are assisted in attending meetings as 
well as older and more distinguished ones. 

Finally there is another type of activity which is among those envisioned by 
the increased authority for international activities given by P.L. 90-407. At the 
request of and with funds made available by the Agency of International Devel- 
opment (AID), the Foundation is working to assist developing countries in their 
efforts to improve their educational programs in science through applying signifi- 
cant advances which have been made in science education in the U.S. The most 
important project of thij type is the Foundation’s Science Education Improve- 
ment Project in India which is assisting the development of improved science 
teaching methods in that country. Some idea of the magnitude of this effort can 
he gained from the fact that 178 American consultants took part in 136 summer 
institutes for secondary school and college teachers in 1968. Smaller numbers 
assist in follow-up activities in the schools and colleges themselves. 

Other efforts are being supported to make available to the developing countries 
improved methods for training and educating their technical and scientific man- 
power. Without an indigenous cadre of trained personnel, progress in any coun- 
try is severely handicapped. In the years to come further and far greater efforts 
must be made in this direction. 



The Foundation’s Planning and Policy Study activities are carried out with the 
objective of developing a more thorough understanding of the changing character 
and requirements of the national scientific enterprise. These activities include 
extensive analytical and data compilation efforts related to the resources re- 
quired for the national scientific endeavor — manpower, institutions and funds. 
Other analytical studies deal with such issues as : the needs of various sciences, 
the needs and characteristics of academic science and the development of the 
basic methodological tools for science planning and policy making. Thus, this 
particular NSF program is carried out on a broad national basis for the benefit 
of all of those active in science policy formulation. Obviously the results of these 
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studies are of great utility in the development and implementation of the plans 
and policies of the NSF. 

The p l a nnin g and policy studies supported by the Foundation are grouped 
into five budgetary sub-categories : 

Studies of Scientifio and Technological Manpower Resources concentrate 
on the production of statistical and analytical information on the character- 
istics, utilization, supply and demand of the nation’s scientific and technical 
personnel. 

Studies of Educational and Research Institutions analyze various aspects 
related to the role and health of these enterprises; because of its great 
interaction with the academic community the Foundation’s efforts tend to 
concentrate on matters related to academic science — students, facilities, 
finances, etc. 

Studies of PuMio and Private Funding of Science and Technology obtain 
information on the performance and financing of research and development 
in various sectors of the economy. 

Studies of the Interaction of Science and Technology with Society try to 
illuminate the processes through which science and our society interact ; this 
activity also concentrates on the strengthening of science planning and 
science resource utilization, particularly on the state governmental level. 

Science Policy and Program Studies deal primarily with the identification 
and analysis of key issues and problems of contemporary science policy. In 
this activity the Foundation tries to stimulate and utilize the intellectual 
talents of the academic community to address itself not only to science policy 
issues but also to train young people to deal with these issues with a good 
background in both the natural and social sciences. Also included is support 
of the Committee on Science and Public Policy of the National Academy of 
Sciences and the equivalent committee of the National Academy of Engineer- 
ing including their evaluation of the needs of various fields of science. 

This relatively broad program is carried out both by in-house Foundation staff 
and through extramural grants and contracts. These activities will require $2.9 
million in FY 1979. It should be pointed out that 60 percent of this budget will 
be required by projects carried out in accord with statutory requirements, such 
as the National Begister of Scientists and Engineers, and for long-established 
periodic efforts, such as regular periodically conducted surveys. 

Program Development and Management 

I shall not discuss the organization of the Foundation, since it follows gen- 
erally the program structure that I have outlined and that forms the detailed 
basis for the Fscal Year 1970 funding request I do wish to mention, however, 
that the staff of the Foundation is planned to average 966 employees, a figure 
that is not substantially greater than in 1963. The administartive costs of op- 
erating the Foundation are estimated at 3.3 percent of total obllgational au- 
thority. Approximately 80 percent of these costs are allocated to the compensa- 
tion and related benefits of the staff and of the many advisors who assist the 
Foundation in its work. 

SUMMARY AND OUTLOOK 

In this highly condensed overview I have tried to present a number of the 
highlig hts of the Foundation program and the plans for .«ae coming fiscal year. 
I have wanted to convey to you an impression of tihe exceedingly broad, complex, 
and varied nature of this program. The work of the Foundation, however, is the 
response to a need; it is not imposed upon the academic or scientific communities. 
This need is real and it is rapidly growing. During the past, few years the 
Foundation, and indeed the Federal Government, has failed to keep pace with 
this need. The many reasons for budgetary caution today are well understood. 
But when this caution is focused on one of tlho great sources of American 
strength, the implications for the future of the Nation are serious. 

Within the next few years it will be necessary not only to increase the gen- 
eral level of support but to take steps to mee'; some specific needs which have 
been aggravated by the necessity of neglecting them to keep the general pro- 
gram going. In particular, I believe that greatly increased investments will have 
to be made to provide more equipment and especially to provide such very ad- 
vanced specialized facilities as large radio telescopes and oceanographic re- 
search vessels. Another rapidly growing, need is, for computers, both to replace 
older models with higher capacity ones developed, in recent years and to make ‘ 
computer services more generally available. "There is also a growing, almost 
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crucial, shortage in universities with respect to general la^ra^ry space. Fed- 
eral funds for which have been held at a minimum m the past Kw years. 

Over the longer range the outlook becomes even more difficult. Two estimates 
of the future assume special importance : ... , ... 

It is projected' that the number of the Nation’s graduate students will 
double by 1980; reaching 1 a total 1 of about 1 1.3" million by that time: Of the 
order of one-third' of these* sthdexits are 1 and will 1 be enrolled in science and 



Because of both* the rising grdtfuate population arid; the ever increasing 
unit costs of science', the’ anticipated annual cost of graduate education in 
the scences is expected tb qnadrUplfe during this same' period. 

In spite of increased cdntribUtioiis to higher education, and especially gradu- 
ate education, by philanthropic organizations, by industry, and by State and 
local governments, the rate Of stich iiiCreases cannot match- this escalation of 
cost. All recent studies’ agree that a' SUbstttntlal share of the funding Heeded for 
this period of dynamic growth will necessarily be derived from- the Federal 
Government. At the sbiUe tiih'e' thfe 1 Federal agencies that have Constituted the 
major support of academic scifehi^ and graduate 1 education in the sciences will 
continue to experience changing priorities, the maturing 1 and termination of 
specific programs, and uncertain 1 appropriation 1 patterns. Each of these factors 
can and does have unfortunate^ 'although 1 inadvertent, effects on the stability 
and effectiveness of the educational process, effects 1 that 1 are 1 ultimately felt at 
all educational levels. If the Foundations is to be fully effective in its role of 
strengthening the scientific research potential of the Nation and mitigating 
these effects, I believe that, as additional resources are made available for 
academic science, a larger proportion than has been the case in the past should be 
assigned to the Foundation: This I believe 1 \Vould help provide a more stable 
base to the academic science enterprise— a base upon which other agencies could 
build in fostering research of particular cohcdrh to their own responsibilities. 

In conclusion, I believe the Fiscal Year 1970 budget request of the National 
Science Foundation to be a balanced one and one that is well conceived to meet 
the immediate needs that confront us. The Foundation welcomes your review 
and consideration. 

Thank you. 



DISTRIBUTION OF PROGRAMS 



Senator Protjty. Thank you, Mr. Chairman. 

Dr. Haworth, I think a frequent criticism voiced by Members of 
Congress, is that a very substantial amount of the Foundation’s pro- 
gram grants go to universities and colleges in a relatively few States. 
I would like your comment on this, because I hear this criticism 
frequently. 

Looking at the figures, for example, California has $54 million plus ; 
!Nfew York, $48 million; Illinois, $56 million, and Massachusetts, $35 



million plus. 

Dr. Haworth. Well, I can discourse on that at some length. I will 
try to be as brief as possible. - 

The Foundation’s support of its work of, say, research project 
grants, of traineeships, of any number of- things, is 1 based, of course, 
primarily on the qualifications of the people and the promise of the 
work that they propose to do. Now, m'ost ofthe High-quality people 
are, of course, found in? the great universities. These universities are 
concentrated. They have been Concentrated not because of Federal 
Government support. They wOre concentrated long before there was 
any Federal Government support. 

If one analyzes the sorts or figures that you have given, which are 
quite true, of course, one finds that, for example, the support per 
graduate student or the support per Ph. D. produced does not vary 
greatly among the States. There are differences, Massachusetts and 
California are on the high side. But not by anything like the sarnie 
ratio as the absolute amounts. 
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Nevertheless, it does concern us, just as it concerns you, and we 
have been taking steps as best we could to try to improve the situation. 
Not, however, by taking funds away from the places that will presently 
make the best use of them, but by trying to Build upon potential — to 
strengthen the institutions in other places. And I very firmly believe 
that there should be very strong universities in every region of the 
country, I believe there should be a strong university in every State. 
I believe there should be a stronguniversity in every metropolitan area. 

Now, the reasons are. varied. The reason I select State, for example, 
is that a great university has a tremendous impact on the entire life 
of the State. It has a tremendous influence, for example, on the educa- 
tional system of the State, and I do not mean j ust the higher education, 
but from the ground up. 

Similarly, a great university, has more local impact if it is in or 
adjacent to, though it is probably better hot to be immersed in the 
center of, a great metropolitan area. Not only are these the kinds of 
impacts that are statewide in the sense of influencing the ways of 
thinking, the educational system, and so forth, but it also gives op- 
portunity for local people to make use of the university, to commute, 
either for part-time attendance or to use the library facilities or to 
confer with the faculties, or things of that sort. So I do believe that 
we sliould strengthen institutions in many parts of the country and in 
many localities. 

It is to precisely this end that we have these programs that I spoke 
of earlier, that we call the development programs. There are three, 
the first, which is now 4 years old, is called the university science 
development program. In that program we accept proposals from 
Ph. D. granting universities only. Those proposals must be based on 
well-thought-out plans, with some detail as to just how they propose to 
go about improving the quality of their science activities, both re- 
search and educational, in some fairly broad spectrum of their science 
activities. That is, not just one department but several departments. 
In general — in fact, never— is it the entire science spectrum. But it 
varies from, say, three to a half dozen or even occasionally eight or 
10 departments. .!>. r r; •••* r • - ' 

These proposals are made to us. They are analyzed by our staff. 
The universities are visited by teams partly made up of our own’ 
staff, partly made up of advisers of other parts of the community — 
industrial people and university people arid so on. 

Then there is finally a panel of about eight or 10 people who meet 
around a table for a day and having had opportunity to study these 
proposals they advise us as to which ones of these look really promis- 
ing. Within the limits of our financial ability we then give grants to 
the best ones. They have averaged about $4 million. They cover a 
neriod of 3 years. During that period, then, the universitv improves 
its faculty, buys equipment, and in some instances, it builds labora- 
tories. It helps graduate students, it ; brings in postdoctoral people 
for a brief tenure, and so on: It is then possible for them to apply 
for a renewal of 2 years, at the end of which they are on their own so 
far as those departments are concerned. i :’?*!■: r : h.-. T v • ;«'• •• •• 

They could, after ! that, apply for • a development grant ^or soine 
other part of their science programjbut that part we have taken cafe 
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Now, the universities provide even more support than do we for 
these improvement programs. And it is up to them to he sure that 
their future financial resources are such that they can continue; this 
program once it is underway. ^ . 

In this first program, we Have given grants to 30 universities scat- 
tered all over the country, and a few have now been renewed. We 
will give two or three more new grants by the end of this year and 
hope to give a few next year. 

The second program is called the departmental science development 
program. It has similar aims, but it is more modest and focuses 
attention on a single department instead of a broader spectrum. The 
concept here is that, these grants will be predominantly to institutions 
that are not quite as far along as the ones that get the first type of 
grants. Eligibility extends to institutions granting masters degrees. 
I should have said and I guess it was implicit in what I said that the 
very best universities — and we leave it to them to define whether they 
are among the very best — are not eligible. Harvard, for example, is 
not eligible for development grants in either of these categories. 

Now, our hope with respect to the department ;»» program, which is 
only a couple of years old, is that this will ena ble institutions to build 
up strength in an already potentially strong department and that 
this will then, not only add strength through the immediate direct 
effects on that department, but it will give an incentive and a target 
for the rest of the university as it tries to build itself up to higher 
quality. Through fiscal year 1968, 26 grants totaling $14 million have 
been made in this program approximately 15 more will be made 
this year. 

Then finally, there is a similar program that is confined to non- 
Ph. D. granting institutions. It is called the college science improve- 
ment program and is aimed primarily at undergraduate education, 
although many of the recipient institutions have master degrees pro- 
grams. Almost 100 grants have been made in this, and again, they are 
scattered all over the country. We are trying by this mechanism to 
build up strength where there is potential for strength, and where 
greater strength is needed. 

Senator Prouty. Well, I hope you will do this as rapidly as possible, 
because I think it is most important. 

I have one comment that si feel I must make as a Senator from 
Vermont. It is to point out that a State which is smaller than mine, 
Wyoming, received double the amount of funds which were made 
available to Vermont. 

Incidentally, the president of the University of Vermont subse- 
quently become president of the University of Wyoming. X am sure 
in his judgment, the schools are two of the finest in the country. 

But I just wanted to make the fact known so my friends from 
Vermont will realize that I am standing up for their interests. In 
my state we have some of the finest universities and colleges, in my 
judgment, in the country, although some of them are small. 

I have just two, or three questions I want to ask you, because you 
have touched on what I had in mind, i ' r ; - 
. H.R. 10878, while reflecting on the administration’s desire for au- 
thorization for general purposes, differs from the legislation I intro- 
duced by the inclusion of section 5, which requires that the 
Foundation : 
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Stall keen the Committee on Science tad Setate 

"""“to what Federal agencies similar language currently 
aP $r?L wokth. I knew of one, l the^EhS 

^^^SiSrS.Stf «^y« «“ words - ^ • 

*1 langUage co,lteinea 
in section 5 have on the Fo ?”^f tl ^^e P on interpretation. We believe 
Dr. Haworth. It depends, of cotts j d and especially in view 

that we do keep the c0 ^ lt t ? e e increa ^d interest— the Foundation on 
of the new legislation and^e mcrea committe e. We are being 

2KSS Vigorous about doing this 

80 1 believe f hat we sh £ uld ^ 

that we have taken. For ex * m ]fe7 bas i s a list of all the grants and 
committees — we provide on J that to all Members of Confess, 

contracts that are made. W p believe that this would result in 

If properly interpreted, I do anyway. It would, in my 

many things that we wouldnotex^cttod ^ y it to go too far. 
opinion, however, be possible ^^Xmed or the delibera- 

In the sense of keeping fully andcu^ y factorg , that we ourselves 

r^;et°sure°o"o siiply depends on how vrgorons, 

h Tb d eli^e1 ^S"^' betetter - and 1 W!U be 76,7 frank ' 

without that section. ^ _ further study that I do not agree 

^ this matter mto 

consideration. I have one more question. 

length of authorization 

Lrv served if Congress were at this time 

.TSSfftaffl Ull as 1970 ? In other words, a 

is a id«^»^r^ 
as a general thing, I woul T n ?ij have been happier had the bill 
1-vear authorizations. And +'Urti.iwnrion However, to attempt to 

S last year be«i in the ense 

do a 2-year authorization atj^s time n thinking through, or 

that there has not been ^ f 6ur par t and as far as I know, 

things of that sort, c f rt ^V S . Q do that. I P would suggest that a very 
not on the committee s pa , i-year appropriations now and to 

f^ d g ^er^ao e n^ ^?XUure it^ould be 2 years. 

Sector Prouty, Thank you. 
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Last year at this time I was a little concerned about the treatment 
given to the sea grant college program and I must say in the interven- 
ing period, I think you have done it proud, that it has moved along 
and done really as well as could be expected in view of the tight condi- 
tions of the budget. I was interested, in your statement, to notice that 
you brought out the immediate rewards from applied research. The 
manganese nodules discovered in Green Bay for example have a value 
greater than the cost of the total sea grant college program. I imagine 
other projects will add considerably more to the immediate rewards we 
derive from the program. I would hope that the Foundation under your 
successor will continue to expand the program which returns so many 
immediate benefi ts to the public. 

What is your view with regard to the recommendations of the Presi- 
dent’s Commission on Marine Science ? Do you think there should be a 
wet NASA and if so, how should it be set up ? 

Dr. Haworth. I have mixed feelings on it, Senator Pell. There cer- 
tainly would be many wavs in which this could result in more con- 
certed efforts and so forth. But I do, have questions about it, in particu- 
lar questions about the combination of the marine sciences and the at- 
mospheric sciences. 

Also, as you well know’, there is a great deal of discussion about 
organization of the executive branch in terms of science as a whole, 
science and education as a whole. I think these two things should be 
thought through together. I do not believe that one should proceed to 
legislate the specific recommendations of Dr. Stratton’s commission 
out of the context of the entire problem. By the way, that is a brilliant 
report, in my opinion. 

Senator Rax. It is excellent. 

Dr. Haworth. Without thinking through all the ramifications with 
respect to the other aspects of science, in particular, I question this 
welding together of these two. And of course, it depends in large 
measure 

Senator Peix. Welding together what two ? 

Dr. Haworth. Atmospheric and the marine sciences. 

It is true, of course* that weather is, perhaps in the primary sense, 
generated at sea, and there is great interaction between the atmos- 
phere and the water and so forth. But the continents are pretty big, 
too. And the questions of rainfall, questions of air pollution, and 
things of that sort are pretty remote from the major interests of the 
marine sciences. 

In any case, it depends, of course, on how all-incluusive such an 
agency is. I for example, would not agree that there should be an all- 
inclusive science agency, an all-inclusive science and technology 
agency. I believe that the agencies with specific missions should sup- 
port research, even basic research, for a number of reasons. First, 
only they can judge what their own needs are and emphasize those 
areas of science, even down to fair detail, that are most important to 
them; Second, if they are going to be effective users of science, they 
must themselvesiunderstand science, and the; opportunities, and unless 
they have scientific activities and scientists df their, own, they cannot 
really understand it in full. Third, by haying, science programs" of 
their own, they have accessj.th6n* te thei puter iworld of the scientific 
community. They have people who are interested in their programs 
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who can advise them on their own specific need and so forth. So I am 
in general fairly cagey about anything that is too all inclusive. 

Senator Pell. Thank you. . ... 

Thank you, Dr. Haworth. I realize in a sense this is your valedictory 
appearance here. You have certainly served our country and the 
Foundation very well. ' ; ■> 

I would like to direct my next question to Dr. Handler. 

In connection with Dr. Haworth’s successor, and I do not mean to 
embarrass you in any way, I am not going to ask you your view with 
regard to the pros and cons of the ABM, but how can we separate, in 
your view, this appointment from private and public opinion, if this 
can be done ? 

Dr. Handler. We have a statement from the President to the effect 
that the problem will not exist on the next go-round of this activity. 
I take that statement in good faith, sir. : . 

Senator Pell. I read that statement. I thought it an excellent one. 
It takes a big man to admit an error in his ; staff organization. I 
thought the President was both courageous and correct in that fine 
statement. I would hope that there would be no such requirement made 
of his successor. In your job, is it one' of your functions to recognize 
the quality of choices or does this come out of the President? 

Dr. Handler. The act asks that the Board recommend to the Presi- 
dent. 

Senator Pell. So you have the responsibility ? 

Dr. Handler. That is what has happened in the previous cycle of 
this activity and we will do it again. 

Senator Pell. And you have given one name or several ? 

Dr. Handler. We have given the President a choice. 

Senator Pell. You have given several ? 

Dr. Handler. Yes. 

Senator Pell. All right. I thank you very much for your appearance. 

Senator Eagleton. 

Senator Eaoleton. I have no questions! ^ . • 

Senator Pell. Well, then, the subcommittee is adjourned subject to 
the call of the Chair. 

Dr. Haworth. Could I say one thing? - 

"Senator Pell. Yes, sir. r y- *•>:• - •• ! •' " ■ 

Dr. Haworth. I would like tbthark you, Senator Pell, for your very 
kind words to me personally. I certainly enjoyed our relationship. I 
am sorry to see that it, to know that it,- will- dimini sh. 

Senator Pell. Thank you very much. 

The hearing* record' will be left open for statements of those who' 
could not attend this hearing and for other pertinent material sub- 
mitted for the record. ? : , 

, (The material ref erred to follows : ) 



Questions fob Dr. Haworth from the Special Subcommittee on the National 
Science Foundation Together With the Responses from Db; Haworth 

(Questions 1 through 14 relate to the proposed new program of interdisciplinary 
research relevant to problems of our society) 

^ Question 1. What are , s6m,e. specific , ewdtnples , of the aorta of, projects which 

^^swjenJ.p^lail^d^ai^B^^, pf; research -to, be , supported under this program 
are ‘difficult to give since the program has not yet begun and no formal proposals 
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V . • .„ , Alo _ ftTio fontiirp desired is the stimulation of unusual 

might inchide.^ and social consequences of changes in technology. ! 

2. Structure of the urban environment. 

3. Environmental quality in modern society. ■ • •• • . ; 

4 National manpower, needs and incentive structures. 

5 ! Economic and social consequences of peace and war. 

6 Technology and economic development. ■ 

7* Social implications of modern information handling techniques. ■ 

It must be stressed that this listing is, meant to be suggestive, and not alh 
inclusive R^e arch in such areas naturally brings in a host or overlapping 
oroblems’ of our society that seldom fall readily into neatly separable categories. 
The web of interrelated aspects of the problem of environmenta 1 
many points of contact with the general problem of air pollution, which might 

itself be subdivided as : 

physical and chemical features of air pollution , . 

chemical composition of pollutants _ * . 

photochemistry- and photocatalysis of pollutants 

meteorological effects, mixing and deposition 
consequences of pollution in man, animals, and plants 
disease induced by pollutants 
long-term systemic poisoning 
economic costs and physical damage 
impact on the “quality of life” 

sources of pollutants . . • 

automobiles and other transportation systems 

power production end heavy industry 

municipal sources (including waste disposal) 

economic and legal aspects of pollution 

efficacy of burning laws . • • • 

enforcement and air quality standards 

balance of costs and benefits of control 

Air pollution clearly is a component of the larger topics of “strucUire of the 
urban ^environment” and “technology And economic development As well as 

, e AmonTproblem ' ^arTas that might reasonably receive special attention are 
nt the imnnot of particular developments in science or technology- on 

is^ollaboTa«on^ Sntist^ and ^clal -sciSists. problems with 

to .the .development of ;ne* * 

t n '^reUmlh‘alrFtnforinnl 

p4o££i* Trivet , bv,m> t<plcs 

^^uciear Physics laboratory and,a,grouo 
forensic sS?e proposes research: oh' “aWlieatioh of n^lear science tech- 
rdnnes to the characterization of physical evidence. Thev hope 
- -out *m ' exploratorvi study to learn" whether 'chaffged particle scattering- can 

1 /ioTvf^finoHan n"P Pvid 6 HC 6 Plictl 8 S ‘ 2 lU 6 S» hflir. SOflS, cloth nDGM. 610. 
hone is that; a. .whole' new' class ofitetdiniques for ^^ identification of evidence 
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The project would involve urban planners, social workers, engineers, and 
natural and social scientists and would rely heavily on computer , analysis 
and systems simulation! techniques. The hope is that major improvements in 
approaches to urban planning would ensue, new techniques of analysis 
would be developed and a. substantial body of baseline data would be gath- 
ered. The project would involve, extensive cooperation with and some par- 
ticipation by public officials in the locality. 

Example 3: Members of a newly instituted interdisciplinary group in a 
first-class institution wish to study the social aspects of environmental prob- 
lems in conjunction with ah environmental sciences group at the same in- 
stitution. Such research problems require continued and' effective collabora- 
tion between natural and social scientists. 

It must be stressed that projects such as those described above may undergo 
considerable change in character or scope as the process of proposal refinement 
continues. 

Question 2. In what way would the program encompass both basic and applied 
research , and roughly in what proportion t "Would certain projects be devoted to 
basic and others to applied research? Or would single projects include elements 
of both basic and l applied research t If the latter , would specific projects start 
in basic research and over a period of time shift to applied research? 

Answer. Much of the work to be supported under this program will be basic 
research that could, in principle, have been supported before the recent broaden- 
ing of the Foundation’s scope. Estimates of the relative proportions of basic and 
applied research are, however, difficult to make. The distinction between basic 
and applied research that is often made is usually based either on the special 
viewpoint of the specific scientific discipline concerned or on the intent or moti- 
vation of the individual scientists. Thus “basic research” can be interpreted as 
“research basic to that field,” and “applied research” may be either the applica- 
tion of that research seen as basic to the given field or research carried out 
with a i articular practical and immediate objective in mind. All the research 
supported in this program will, to a greater or lesser extent, be motivated by 
practical concerns — the pressing problems of opr society, but much of the work 
will undoubtedly be “basic” by the standards of some of the disciplines involved 
and “applied” from the standpoint of other disciplines. For example, , a thorough 
examination of all aspects of air quality in a given airshed may involve some basic 
and applied engineering, basic atmospheric physics, some applied economics, some 
basic political science, some applied epidemiology, etc. Generally, the emphasis 
will be upon fundamental scientific research— the gathering of the underlying 
new knowledge necessary for the understanding and analysis of the problems of 
society — without making an artificial distinction between basic and applied areas. 
It can be expected that given projects will tend toward the “applied” as times 
goes on — in the sense tfiat, if it becomes apparent that they do not promise to 
Shed some light on a significant ^societal problem, they are unlikely to be 
continued. .. n 

Question 3; What role . is envisioned , for the , social, sciences in this pro grarn ? 

< Answer- The social sciences will • undoubtedly piay . a central - role in much of 
. the research supported under -this program ; and rthe direct , participation pf social 
scientists • will, . in. many ! .caees»> be, -an esseni^^/, ingredient;- One . aspect . of the 
program is . the expectation , that investigators. in. other disciplines •, cam bring new 
. skills, insight,: and enthusiasni>tpj ^ear,4n research. on (problems of society.:. How- 
ever, it is clearly and explicitly recognized that ; the , understanding of human 
society , Is . the principal <n.O?earch .goal-, of- social scientists and' that they have 
access to detailed, factual, information and an .eyer-broadening .conceptual .base 
. that should form an integral : part pf , that, research. , Problem \amuysi s- . and 
proposed solutions biased upon . technological efficiency. or. managerial neatness 
. are often ; incomplete due . to failure , properly, to. assess social impacts, conflicts 
- with human values, , basic; human behayiorial ; traits,. ? or practical political ob- 
stacles about w;hich social, scientists .should be, 'best able: itoprovide .helpful in- 
sights. Some projects; jnay.. be multidisciplinary, within :the social , sciences; ( For 
-example, a, workmanlike f and systematic analysis , of alternative approaches* to 
urban, , poverty , requires, i at least -,the. talents , of sociologists, economists, and 
. political .scientists.,) The. , aim >ofr such, research > .would, < qt ^course, i be • to • analyze 
and compare available alternatives and develop new knowledge that bears di- 
: yeetly ,uppn matters of social policy, mot ito recommend, substantiate; or .advocate 
specific programs of soqiahaetiom , > o-j -vm ; H‘t 
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Question 4. What role is envisioned for engineering in this program T 
Answer. Engineers should -play a key role in research in many of the problem 
areas that will be included in this program. The goal of the engineer is to com- 
bine bis scientific and engineering knowledge witb an understanding of social 
and economic requirements in order to, produce new goods and services that 
will meet the changing needs of society. The resolution of social stresses will, 
in many instances, depend directly on well-planned technological developments, 

practical device design, and a-keen sense of social utility. 

In addition, modern engineering now possesses powerful tools such as systems 
analysis, statistical decision theory, and computer simulation that promise to 
provide signiflc- nt and largely unexploited new techniques for the study of 

society's problems. . . 

Today’s problems will require new kinds of engineering skills, and the research 
supported by this program should have a salutary effect on engineering educa- 
tion. Substantial numbers of committed and able younger faculty have joined 
the engineering schools in recent years, and are eager to contribute to solving 
the pressing problems of modern society. 

Question 5. What role is envisioned for the professions {law, medicine, public 
and business administration, etc.) t 

Answer. It is hoped that this program will provide a significant incentive 
for cooperative research between university scientists and professional school 
faculty, who have traditionally been somewhat aloof from their academic 
brethren. This participation is vital since the professional schools train prac- 
titioners in law, medicine, public administration, etc. who go on to play key roles 
in our society. Further, participation by professionals who are active in public 
life will also be encouraged, where appropriate. 

Participation by lawyers is important since many problems are circumscribed 
by legal constraints and tangles of public procedure that may greatly complicate 
the alternative solutions to a given problem. Legal research and the lawyers’ 
facility for dealing with a variety of broad and complex issues, and with the 
practice of resolving individual problems, will undoubtedly be of great value 
in many of the projects proposed under this program. 

Medical doctors can be expected to make special contributions in dealing 
with social problems involving disease and environmental quality. Most partici- 
pating M.E.’s will probably be faculty at university medical schools who join 
a research group as a part-time activity. In some cases, participation of medical 
people will be essential since many important public issues revolve about such 
questions as consumer safety', drug efficacy, and the health effects of various 
environmental contaminants. 

Question 6. What, if any role, is envisioned for the humanities t If a role is 
anticipated, how would the program relate to, and coordinate with , the activities 
of the National Endowment for the Eumardtiest 

Answer. This program is designed for the support of scientific research and 
thus the humanities cannot he expected to receive large-scale support. The most 
evident way in which humanists might be involved in some projects would be 
through consideration of such broad topics as ‘Mhe quality Of life” or as among 
the aspects of “human ecology.” Useful insights from nonscientists will not be 
ignored due to doctrinaire rigidity, but the major emphasis must necessarily be 
on scientific analysis of the problems at hand. Such involvement of the humani- 
ties or of humanists as does arise ‘will be coordinated with the ' National^ En- 
dowment for the Humanities by the same procedure as described for other fed- 
1 era VaVpnoies in th^ resoonse to question 7. 

Question 7. What measures win be taken, to coordinate this program with 
related acHvitier of mission-oriented government agencies with responsibilities 
in areas such as water and air pollution , transportation, housing, etc., (both in 
the award of proposals and the administration, of grants V? 

Answer. Virtually every major problem of our society falls within the pur- 
view of - one Or 'more other Federal agencies,; that may : have either leading or 
subsidiary responsibilities in dealing with the problem at hand. In such cases, 
the Foundation will develop and maintain close 1 relationships with that agency 
and will' consult with : it concerning work undertaken which impinges on that 
agency’s' assigned : area of responsibility; Efforts will be made to ‘ coordinate 
“research > undertaken under the ; program ; with the needs . and interests of tlie 
• Other -agency, rUrp.-f - r.;i *« 1 ‘ 

; > It is anticipated - that the principal mechanism- for effecting this coordination 
will be the routing of appropriate proposals to cognizant' agency officials for re- 
view and comment. Tn many cases officials in oilier agencies may he the most 
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knowledgeable reviewers we might find. Having agency officials participitate 
in the review process thus will fulfill two important functions. It will provide the 
Foundation- with reviews from realistic, experienced professionals whose own 
work is necessarily multidisciplinary, and will keep the key officials with direct 
responsibility for work in areas related to the proposal, informed of the existence 
and -interests of the proposer. Such a procedure allows peripheral involvement 
of other federal agencies without requiring formal commitments, unwieldy 
interagency panels, or joint management agreements or arrangements. This 
procedure will permit other federal agencies to regulate the extent of their own 
participation in particular areas depending on * the depth of their interest, and 
will facilitate the free flow of information, at the program level, across inter- 
agency boundaries. Although no specific organizational or procedural commit- 
ments have yet been made, it is expected that Foundation program staff will 
participate freely in formal and informal interchanges with other agencies, 
particularly as regards final grant awards and dissemination of research results. 
An up-to-date description of all active projects will be maintained and made 
available, on requeue, to other federal -agencies. 

Although participation with other federal agencies in joint support of a given 
activity will not be ruled out, such multiple funding is expected to be relatively 
rare, arising primarily in support of conferences and preliminary studies or under 
circumstances in which another agency wishes to supplement Foundation sup- 
port of an activity already in being. The primary intent is to support research 
in appropriate areas which other agencies are unable to provide effective stimula- 
tion whether because of limited mission relevancy, limitation of objectives, 
restrictive ground rules, inefficient contact or incomplete rapport with working 
scientists or for other practical reasons. As projects supported through this 
program reach fruition, the Foundation will hope to become an efficient coupling 
mechanism bringing other federal agencies in contact with the research results 
and with the scientists themselves. The success of such an endeavor depends 
strongly upon breadth of knowledge, tact, and professional competence of the 
Foundation's program staff. 

Question 8. Why does NSF believe such a program, can "best be carried out by 
support of projects at universities? Has NSF considered foundations and other 
similar non-profit organizations? 

Answer. There are several reasons why the principal emphasis in this program 
will be on support of research in universities. 

The universities constitute the principal reservoir of the’ nation’s high-grade 
scientific talent. It is essential that the best minds possible be engaged in 
considering society’s alternatives and in developing the fundamental understand- 
ing that is needed for wise public choice. It is no accident that so many able- 
people have chosen careers as university scholars. They are there because the 
university offers the most fruitful environment in which to think and work, 
and the special benefits associated with free and open inquiry. By focusing this 
program on universities, the Foundation is simply making explicit the recogni- 
tion of this source of expertise that has been largely untapped’ for social pro- 
gram solving. ■ •'= '■'}■> - i,i ’ ' : _ ’ 

More than any 1 other federal ’agency, the Foundation has evolved- an intimate 1 
and mutually appreciative relationship; with ’ university . researchers and with 
the ; total national effort in graduate education. Further, clear and. direct lines 
of communication already exist between our program staff and university faculty 
members and administrative officers. The Foundation is thus already equipped, 
by structure and tradition, to bring a new program of this sort into being with- 
out distortion, of institutional priorities. This- is one' of the principal reasons 
for establishing this specific program in the Foundation.' ; ‘ 

The problems of society, also,, are long-term in character, and are unlikely to 
be susceptible to easy resolution. It is thus important that significant numbers 
of younger scientists and students at 'all levels' of higher education be exposed 
to the nature; of the probelms of the real world; and that many students; develop 
a taste for interdisciplinary, probleih-oriented research. On leaving the hniyer-- 
sity they can then make immediate ; and constructive contributions to the resolu- 
tion of our social ills. The research supported’ under this program : will >:llow 
the involvement of graduate students' and postdoctoral research associates who, 
it is hoped, will go on to be an important addition’ to^-the nation’s pool of resource- 
ful and committed scientists, and will 1 be available to • staff public agencies and 
private firms tihat are actively bringing about the implementation of constructive 
new programs. 
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Universities play a special role in society since, in principle, they provide a . 
forum where ideas are analyzed on their own merits and the free search for truth 
is the controlling ethic. At the same time, the development of an understanding 
of problems of our society, must be communicated : openly and discussed freely, 
since the resolution of these problems will lie, in part, upon the existence of an 
informed electorate.. Open publication and analysis of research remits 'is a .vital 
feature of the academic process, and forms a necessary element ‘in the system 
of incentives and rewards to wlhich university scientists respond. University 
researchers supported under this program will thus feel a special need to 
publish and discuss their results openly, and expose their conclusions to detailed 
and searching criticism by their colleagues. . • 

There -are strong indications that both faculty and students in our universities 
are eager to devote their : talents to multidisciplinary research of the sort con- 
templated here. This program will provide & specific and identifiable locus for the 
constructive mobilization of such academic impulses toward “social relevance.” 
The universities are now experiencing, very severe stresses as they seek to ac- 
commodate themselves to a changing social environment that they, heretofore, 
have been relatively slow to recognize. This program will assist the universities 
in encouraging a reorientation.: of their research effort that many of the faculty 
and students desire and that is not adequately responded to by other federal 
agencies. . . : > 

It must be stressed, however, that the nation’s problems will by no means be 
entirely solved in the universities. While our 'academic institutions can make im- 
portant contributions in broadening the base of knowledge and manpower, that 
are ill-equipped for important tasks such as engineering development, produc- 
tion, social implementation, and the organization and management of major 
social programs. Indeed, all these activities are the natural domain of other en- 
tities in our society. In particular, the federal laboratories may come to play a 
special role in the, development and. implementation stage of new programs, and . 
the Foundation will cooperate where appropriate, with these efforts. 

It is recognized also that a prototype for multidisciplinary research on specific 
problems already exists in the form of various nonprofit research laboratories, 
some of which are closely related to the university environment. Many of these 
organizations already have a substantial on-board competence in multidiscipli- 
nary research , and have made significant contributions in such civilian areas as 
urban mass transport, aviation traffic control systems, and housing technology. 
Support of specific research projects in such nonprofit organizations will not be 
excluded under this program, but it is not anticipated initially that the Founda- 
tion under, this program will serve as a founder or the principal supporter of such 
an institution. ; 

Question 9. Would grantees be able <to subcontract portions of their grant , to 
non-acadepriic organizations -that possessed important interdiscip Unary skills ? 

. Answer, The -subcontracting of , major portions of grants to non-academic or- 
ganizations will; not normally be expected ; to ; play a maj or part in projects sup- 
ported under this. .program. There 'may, .however, be .special instances in which 
the involvement of specific nonprofit or commercial concerns is necessary.for ade- 
quate performance of the research, such as the, construction, of model or prototype 
devices, fabricatiqn of special equipment, or. performance of statistical or data 
gathering services. -Such inyqlvement will be .closely monitored by Foundation 
staff , and .will be ; , carried, out according to procedures already well established 
for other substantive research programs. - j- . v 

Question, JO. • ..s<^e ,gr.cmis- be made directly, to non-academic organize- 

tionp, such as industrial research ^rrnst 7 V. . , v { s * r ■ ’ ; ,V 

Answer. Proposals from , comnjercial firms . will not, ordinarily be supported. 
Since. the purpose ,qf. this program is. to .develop scientific knowledge that; will have- 
wide applicability ajad fee freely^ avaiiabie, it is unlikely, that most .industrial firms 
would be interested, Statutory , restrictions, also,; ; limit Foundation support of 
applied .port ipus . fef , jthe program, tp. academic and nonprofit, institutions, except 
in specific instances where , the ’President directs, .otherwise. Exceptions will be 
considered in. instances which a specific task , or: service is tp be contracted for, 
in a manner . consistent with, ;the operation of other, . Foundation .programs., inters 
mediate situations, .s,U9h,.as a^angements. in t which part of a- research .program .is 
performed within '• a wniyersity . under Foundation, siipport while another part is 
performed outside ip an, industrial firm, wilfebe considered on a ease-by-case, basis 

&S .’ I16C6SSQ.ry> ^ ; ; | • iY ^ r f 7 T f* [ -\X ■}*'■''' ; . ' ’ ' ‘ ; ' . r 
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Question 11. Would this program impair in any way the quality of education 
at our universities "by increasing the emphasis on research at the expense of 

teaching? : : •' ‘ '/ ' 

Answer. It is expected that this program will be compatible with, and an in- 
tegral part of, ' the academic program of the ■ institution ,' 1 particularly at the 
graduate level. Thus there will often be related efforts that will ‘provide for 
the participation or training of students in techniques appropriate to applying 
science to the problems of modern society. Further, studying the relation of 
science and technology to broad social imperatives may provide the appropriate 
mechanism for making the natural sciences and engineering more relevant to 
nonspecialists, stimulating both interest and involvement in what otherwise 
might simply he a part of the formal curriculum. Conversely, . such programs 
may contribute to the developing of a healthy interest in public problems and 
a responsiveness to the public interest on the part Of students specializing in 
natural science and engineering. It is thus anticipated that this new effort in 
research will have a directly beneficial influence on the teaching programs in 
colleges and universities. ' ' . 

New courses and seminars in areas corresponding to the anticipated research 
efforts already are springing up On many university campuses and it is ex- 
pected that a major effort in the planning stages of these ' problem-oriented 
research projects will be devoted to seminars, conferences, and experimental 
courses designed to test the dimensions of faculty and student interest. It is 
hoped that broadening of the research involvement of the faculty will lead 
to fruitful and stimulating interchanges with students and faculty in other 
disciplines, and consequently, a marked improvement in university teaching. 

Question 12. What does NSF expect this program . to contribute ' which can- 
not be obtained from existing programs in NSF and other agencies:? 

Answer. Some aspects of the proposed program are touched upon by_projects 
already supported by the Foundation and by Other federal agencies. However, 
the existing Foundation program offices are organized along disciplinary lines, 
just as are the academic institutions.! The disciplinary structure of the Founda- 
tion thus tends , somewhat" to inhibit support of multidisciplinary research. 
NumerOus multidisciplinary programs have found a place within, the. Founda- 
tion under circumstances in which the disciplines were closely related, for 
example, multidisciplinary engineering projects are supported in the Engineer- 
ing Systems program. But when the disciplines involved are quite far apart 
it has proven quite difficult to provide adequate review and support. Establish- 
ment of this program will provide a specific focus within the Foundation for 
research relevant to, problems of society, with a clearly recognizable function 
and a staff particularly sensitive to the problems?, associated with doing multi- 
disciplinary research. It thUs will; fill a significant gap in tbe present array of 

Foundation programs. _ ■ ; . • v. 

In addition, the establishment of this program will help to,. demonstrate, the 
existence of a sensitive and..responsive : :attItude, withiU the Federal . Govern- 
ment, towards the specialproblems of universities, and their long-range objectives 
of service to! society: ,it would’ be unf ortunatelf the strongly , expressed desires 
of university scientists to ‘turn their efforts toward , socially constructiy e research 
and teaching were not met' by an appropriately, designed, Federal; program. . 

An ancillary advantage to. the Foundation will be :the. regular, crossing of dis- 
ciplinary boundaries 'within/purpwb .organization. In order fpr the program to 
draw effectively on the full, range' oftalents represented on the Foundation staff 
it will be essential to establish communication and . cooperation bet jyeen elements 
of the staff with disparate professional backgrounds who.; would not normally 
come into contact. !lt, is expected that, suggestions , and aid in the execution of 
the program .will coxpe from? all levels, and specialties represented urn thev stpff, 
and fr,om other major! organizational subdivisions as well ust Research.- Signifi- 
cantly! increased internal' coherencemay very likely result. ,> , ^ - . 

Many programs in other agencies have begun important research efforts in 
Socially relevant areas- .However* .the! style: of university research is often mis- 
! understood! and many .jnissioniagenpies have .found a close coupling- with aca- 
demic institution s quite !diffieult fco achie ve. , .Moreover. : since our goal is funda- 
mental research, we can afford to take a 7 much longer-range view than can agen- 
cies .that must be responsiye ito , immediate.jend uses. In the course of develop- 
,ing this , program. , thei Foundation will? naturally, make? many contacts with pro- 
fgrams within-other agencies : and -develop -an t enhanced ? appreciation’.; of their 
program, objectives. An important! sidebeneflt will- therefore be afgrowihg ability 
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to serve as a communications link between university' scientists and other fed- 
eral agencies. The Foundation staff, can then perform the vital, task of bringing 
together agencies and researchers that possess a strong common interest. . 

Apart from these functions, the research itself should produce exciting , new 
insights that will come to be : increasingly important; in the ; development of public 
policy and the realistic resolution of many. of, society ?s- problems. 

Question 13. What does NSF anticipate with r.egard to the future growth and 
development of this program? , .. •••/ ■ ’-4 : ■ . : 

Answer. The future growth and development of this program will depend' in 
large measure on the degree to which its objectives are being met. it is quite 
conceivable that multidisciplinary research efforts will not flourish sufficiently 
in the university environment' to make major expansion of this program desir- 
able. It is also possible that the breadth of response anticipated from the aca- 
demic community will not, in fact, materialize. Obvious hazards exist in mount- 
ing new programs that are not organized along the same lines as the universities, 
: and these hazards must not be discounted. If the program cannot make reason- 
able progress toward its objectives it will be reduced or terminated. 

It is -expected, however, that the response ; will be strong : and that once the 
scientific community becomes aware of the program there will be a healthy surge 
of promising and innovative proposals. The growth of the program must then be 
dependent upon the number of truly high quality proposals received. Indefi- 
nite growth is not anticipated, however, both since the multidisciplinary style of 
research will not appeal to all scientists and because the resources of the institu- 
tions also are limited. 

. projects develop it can be anticipated that some. may become very sizeable 
in conception or execution, or that, a group of projects may gradually coalesce 
into a clearly definable effort directed toward a single. goal. In such cases it may 
oe appropriate to separate out such efforts for special programmatic treatment. 
Some projects may gradually tend in content toward a single discipline. Their 
support may then be, manifestly more suited to one of the disci nlinarv nrnpTnms 





73 



of radio astronomy will be to lower the effectiveness of the country’s present radio 
astronomers for a period of time equivalent to between 5 and 10 percent of their 
normal working life. This could result in sufficient discouragement: that the better 
people would : start leaving the field and the' better ‘ graduate students would fail 
to enter it. It is very hard to measure these considerations' but they are nonethe- 
less real. : “••• ’•••'••' "• '"j - • • •' ' 

Once the new surface is completed, a number of advances in radio and radar 
astronomy will follow. One of the important discoveries of r the last few years 
is the existence of interstellar molecules, particularly water vapor, formaldehyde*, 
ammonia and the hydroxyl radical. These basic combinations of atoms have ft 
strong - bearing on our understanding of the origin of life in the universe. 
Molecular radiations falling in the newly available region of the spectrum will 
be observed with unsurpassed sensitivity. ' ’ # ' '■'■■■' ■ ■■■>■ 

Another important use for the new surface is the study of radio sources. Some- 
thing like a hundred thousand radio sources at short wavelengths are within 
the sensitivity range of the Arecibo reflector ; polarization of these sources can 
be studied at these wavelengths, and this is not possible under the present wave- 
length limitations. 

A delay ' will inevitably mean cost escalation. Estimates have already risen 
to $3.8 million since the original proposal was submitted. 

-New very‘ large facilities for radio astronomy are now being built in Great 
Britain* the Netherlands, West Germany, and India, any one of which will 
exceed in size corresponding facilities now available here. Existing facilities in 



England, France, Italy, Australia, and Canada are larger than facilities other 
than Arecibo available to astronomers in the United States. The new surface 
will place the United States in a leading position at short wavelengths, enabling 
U.S. astronomers to take the lead on the problems mentioned above. 

Question 16. Are there any other areas or projects in astronomy into which 
such funds could he more usefully put at this timet ; 

Ahswer. In addition to those items already in the budget and authorized by 
the House Subcommittee, the Arecibo re-surfacing is the most urgent item in 
astronomy. Others which have been considered but postponed to future years are 
additional optical telescopes and auxiliary instrumentation; and the following 
radio astronomy instruments: a large (440-foot) steerable reflector enclosed in a 
radome, a “homology” principle steerable refleetor, the completion of the Owens 
Valley (California Institute of Technology)- array of reflectors, and the Very 
Barge' Array planned by the National Badio Astronomy Observatory. The new 
Arecibo surface is the outstanding major improvement in U.S. radio: astronomy 
capability which can be done at the lowest cost and earliest completion date. 

Question 17. Do you consider it healthy for the Amei'ican scientific and educa- 
tional enterprise for the Department of Defense -to support basic research at uni- 
versities .or university-operated facilities f ' ’ ' ' f ' 

Answer. We believe it to be healthy for both the American Scientific and edu- 
cational enterprise and the, Department of Defense for the' Department of De- 
fense or any mission-oriented agency to support basic research at universities 
or ■ university-operated facilities. The Department of - Defense must maintain a 
representative set of ties tb ! the best science and technology in the universities. 
The universities should be awarie of the importance of the role that science and 
technology play in the defense of our country. In addition, the NSF support of 
basic research at universities should be of such a magnitude that changing em- 
phasis of DOD support*' ‘as can be expected as both’ problems and technology 
evolve, will not threaten the vigor and the growth of American science. ’ ' 

■Question 18. Ha's NSF' assumption of support for projects previously funded 
by the Defense Department impaired tlie overall balance of its research support 
by reducing the limited funds available for other projects t ^ it-'? "T 

’ Answer. The concept of a balanced basic research program is a- very difficult 
one to assess. Different areas of science are in different stages of evolution at any 
given, time: AVa' minimum* balance means" 1 that in each field : the very best people 
are working on what are deemed to be the most' important problems with the" 
best instrumentation currently available: The NSF- feels that it must ’review 
balance on' a truly national scale rather than on a narrow* intra-Foundation 
scale. Consequently, NSF assumption of support for such projects has helped 
to preserve overall balance on a national scale. Limited funds 1 limit the rate’ 
of progress'in all areas. 1 ; ■ ’ ■ :• it ■■,:■■•■> ‘ * "ofv.-r 

'Question' 19 L- What' would be the consequences if NS F‘ did not assume support', 
of siich projects T '' ;f ^ '»;• " y''- r ’ ; - r 
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Answer. NSF has not assumed support, for all projects or programs formerly' 
supported by the DOD. In the instances in which the Foundation has decided 
to ..continue support, a failure. to do : so by the Foundation would have’, resulted 
in • a 'disastrous imbalance within the national scientific; and ; graduate , education 
enterprise. Our largest radio telescope (Arecibo) would have; been retired, from 
research in radio and radar astronomy. That instrument is not ready for retire- 
ment but rather is. ready for, a more precise surface in order to enhance further 
its potentialities*, as proposed in bur 19701 budget. 'Radio, astronomy- research 
would have almostceasedattbree out.. of a itotal of '.only; twelve; universities .with 
roughly comparable programs: and capabilities* A program of ^research in nuclear 
astrophysics which is widely acknowledged; as being the best in the. world would 
have stopped. Such an effect would, have had even wider repercussions within 
the particular institution, and indeed within ;the whole national enterprise, be- 
cause the institution had ; other commitments to the general area of .astrophysics 
through programs in optical and radio astronomy and theory, which have made 
it an international leader in this general research area. The loss of the nuclear 
component would have been a crippling blow.In the fields . of nuclear andparticle 
physics several of the nation’s most competent groups would have been forced 
either to cease research or seek a new field ; and programs involving some of 
our most versatile instruments either operating ; or under construction would 
have terminated. Finally, some of the world’s finest superconductivity research, 
pointing in the direction of opening an entire, new field of cryogenie technology; 
would have been severely hampered, if not halted altogether. 

Question 20. What further demands for NSF support of DOD originated, proj- 
ects do yon anticipate in the future ? Please indicate loth projects arid dollar 
amounts, if possible. 

Answer. In responding to a similar question from the House we estimated that 
we were supporting during fiscal year 1969, at a current annual rate of nearly 
$12 million, 19 major projects formerly sponsored by the DOD. Initiation of 
NSF support of these projects has ranged over the period of time since 1965. 
Proposals from these projects must compete with all other proposals, and we 
must be continuously aware of the risk of underfunding individual projects 
when the availability of funding is limited and the competition is so keen. 

DOD continues to support a large number of excellent university research 
projects and facilities whose caliber is such that their continued productivity 
is of extreme importance to the .health of the American scientific and educa- 
tional enterprise. If that DOD support were to falter by any significant amount, 
the Foundation would have to give very serious, and almost certainly favorable, 
consideration to the question of ensuring continuity of support and perhaps even 
improving or expanding the capabilities of certain programs in the best interests 
of American science. We . are not at this time negotiating with the DOD regard- 
ing future NSF support for any of these major enterprises. However, in view 
of recent history it, would not be. surprising if one or , more such, problems did 
arise once the flscal year 1970 appropriations are known. 

In addition .to these major projects, many, investigators, whose support by 
other agencies had .been .terminated, as a < result of .the shift, in agency , programs, 
have; submitted' to. NSF : research proposals of such high quality, that * they. com’-, 
peted successfully with other proposals.. Many ' of these investigators have changed 
the direction; of their worfc prior 'to submitting a proposal, tq the Foundation, and 
the resulting .pressureonthe Foundation’s resources; cannot be- related directly 
to-actiqns .by other agencies; However, a, number ; of smaller, projects, for which 
NSF funding; totaled $3,750,000. in fiscal < year 1969 can be identified as, having, 
within s the last, few years, been sponsored by other agencies. Additional support 
required for, projects for which the, Foundation may, assume support in, fiscal, year 
1970 is estimated to be about $3 million.. v.Vsy.; 1 v- v , ; ... 

iQuestion 21. Do you anticipate similar demands in the future fori support of 
researchyro jeeps currently supported by* other agencies, : 8uch as NASA and AEC f 
. : Answer, it is an inherent; aspect of our. present £ system ; of multiple , agency, 
Federal support ,of research at universities -. that the; pattern of support will be 
continuously , changing, as lhe.' mission-oriented ) agencies ; re-evaluate,. their, prob-; 
lems and reorient their; programs: toreoncentratetheijri.resourees in areas wfiicb 
they believe to be most relevant to ;their. missions; < Consequently*, the Foundation ^ 
will always be receiving proposals for: continuation, of research . ac tivities. whose 
prior support has been terminated by a mission-oriented agency as a -result of a 
judgment based solely oh mission ) relevance, rather than scientific*, merit. The 
National Science Foundation cannot ignore such proposals because their scien- 
tific merit may be very high indeed. In addition, under present circumstances 
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level funding means less research, and we receive proposals to augment mission- 
oriented support; We must receive and judge these on their merit. We also feel 
that in a period of tight budgets mission-oriented agencies tend to narrow their 
definition of relevance; and that such action further increases the flow of pro- 
posals ■ to 1 the Foundation. We regard the AEG support situation as being, quite 
stable generally, but we have recently been informed of AEG intent to allow 25 
research grants in chemistry, involving: a total; annual rate of activity of approxi- 
mately $400,000, to expire. There is also some cause for concern that some ma jor 
AEG facilities' may be' under utiUzed. Similarly, the diminution Of : the NASA 
University Grants Program, as well as the decrease of the NASA fellowship pro- 
gram have been matters of grave concern to us. ■ • ‘ • >'! : : j ^ . 

In response to an earlier but similar question from the House we noted that 
while we can have no final 1 information: on . the details of other agency programs 
in fiscal year 1970 until after action is complete on their appropriation requests, 
an estimate of the additional pressure of high quality proposals resulting from 
shifts of emphasis in other agencies, including DOD, NASA, and AEG; .is given 
in the following table : 

[Dollar amounts in thousands] 



Field of science 


Number 


Amount 










Chemistry 




450 








Oceanography 

Earth sciences 


* ’ ‘ y ir 


"600 






50 




. .. — 43 


2,900 




" « * 





Question 22. What decision-making structure and criteria are involved jin 
determinations by NSF to support projects previously supported by other agencies 
such as DOD? * • 

Answer. Applications for the support of projects previously supported by an- 
other agency are considered in competition with all other, applications through 
the usual Foundation internal and external review process. In addition, proj- 
ects large enough to - cause a significant perturbation of the Foundation s sup- 
port of a field are the subject of explicit discussion between high level officials 
of the Foundation and those of the other agency concerned. Representatives of 
OST and the Bureau of the Budget, are sometimes invited to these discussions in 
order to insure that the implications for subsequent NSF. budget submissions are 
fully understood and anticipated in those quarters. Such projects are also re- 
viewed individually by the Director and, as appropriate, by the National Science 
Board. At all levels of review, the evaluations arfe based" on the importahce to 
the advancement of science of continued support of the particular project con- 
cerned. This competitive evaluation: takes into account the real alternatives and 
is made in the light of the competition of other projects, large and small, for the 



limited budgetary .resources. . a;,,, ^ ^ UjWox, * 

Question 28. Wlidt will be the effect of ihe Hftus'p Subcommittee r s recpnii^d.ed 
deferral of $21000,000 fdr constriiciioit ’of mother oddimogr0hic t r^dgrbh pesself 
Answer Deferral of $2,000,000 for .construction of ah intesimediate 'sl^e re- 
seafch vebsel wiU Vean 1hat%$; 

: l: j » iVAWooTriemf nvnfrra m or ? fhiv rmtvpraitv-nrivnte 




ule al ready owing, to * epe^d' db&rriails $$$£ 

Navy. lv " , ‘ * 1 *. 

Most basic research in the marine sciences is done by the academic and elosely 
related private research institutions of this Nation as is the training of future 
practitioners of marine science and industry. Regardless of how the Federal 
structure may be reorganized to support marine, science in the coming years, 
these institutions will need to continue operating their collective fleet of ships 
in order to carry out these two functions on which our national program depends. 
The condition of this fleet must, therefore, be considered in all future planning 
related to this sector of the oceanographic community. 
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r In [Fiscal Year 3 970, 17; institutions now> supported by theFoundatibn will op- 
; erate 33 research ships ranging in length from SO feet to 246 feet :{{ see attached 
list) . Fourteen of the 33 ships have been constructed sincei I960.* ?The^ remaining 
19 range in age from 17 to> 45; yearn? all; but one are; 20 or more years > old (and 
14 are 25 or; more; years old.; The 'Foundation: andthe^Officeof Naval * Research 
are currently considering plans for: the>construction of replacements for alhl9 of 
these ships. Such replacements :are> requiredvif the. university-private Institution 
fleet is merely : to hold; its own in size and support » its current devoid a<Stivityj ; If 
/any : expansion of effort is to be 'expected by; these institutions/ oither in> research 
or training of manpower for marine activities/ additions to thisfleet must be also 
considered during the same time period. to* n.. too. 1 ; a in.:* 

SOURCEIS OF VESSEL ^CONSTRUCTION OR CONVERSION SUPPORT- * ‘ ■;/; *■!;: 

‘ : : ' ’ "■ Length mount 

Institution Vessel ^ InfeetYearbuUt v t Year converted (millions) 



University of Alaska Acona 

University of California Agassiz 

Alpha Helix i. 



Argo. 

lelv 



Melville.... 

Occnostota. 

Scripps 

Washington. 

Columbia University Conrad— ... 

Verna...... 

Duke University Eastward... 

University of Georgia Kit Jones... 

University of Hawaii Teritu i 

Mahi 

Johns Hopkins University.. Warfield. 



.University of Miami... 
University of Michigan. 



Nova University.— 

Oregon State. University.... 

University of Rhode Island. 
University* of Southern * • 
California. .,, 
Stanford!...— 

A- \ M • • * * ; ; # j f 

U niversity of Washin^k.. 

WH 0 1 . . : 1 . r. ±1 : . \? ii . 



TotaL.:;...-..... 



. Gerda 

Pillsbury 

. Inland Seas 

Mysis 

: Gulfstream... ’ 

.Cay use 

Yaquiria.., 

Trident 

VelerO IV-. : ..iu4- - 

,Onar —~ 7 ~ 

Thompson.......... 

. Agor-lS'.-L.:..:'.*.'.. v 
Atlantisll...—— .t 
Chain.....^........ . 

Crawford*——..^.- 
i Gosnold ...^..1 v? 



80 1961 Navy. 

180 1944............... 1961 and 1968 NSF:.. ‘‘-ffS 

133 1965 NSF- . L54 

213 1944 I960.. . Y 7 ' 

246 1969 Navy.........„........... ' 

102 1944 1962 ’17 7 "" 

95 1965 

211 1965 Navy. _ 

209 1962 Navy ' . - *"* 

202 1923 1953 and 1968 NSF..''v7'''*40 

65 1938.... 1959 NSF.......I." .02 

90 1952 1964 NSF. '7% .57 

186 1944 1968(Leased vessel)............. 

106 1967 NSF..... .. 1.57 

75 1949.. (Acquired in 1954) i. 

177 1943 1964 NSF.. 

114 1943 1961 NSF 

50 1963 NSF. 

, 54 ' 19631'.....u......:. 1967 NSF...:....... ' 



80 , ,1968. NSF and other-..:......,: 

■ 180 1944:1.'.:..:.:...'..' 1964 NSF.„..L’....V 
180 1944 1962 Navy..:.^...’.... 

ai0rl948.:L..:,i:.::.:..,-r..:L,Y,.,:.-.-'^ 

134 ' 1930.:....:....v.:L' 1962 NSF.1....„'. : .. 
180 •1945.-j: i _..^.u.:_ 1963 NSF..:^:...... ' 

65 1943..... ..... ; 1963 NSF........... 

65 1943 (Circa).. 1962 Navy.... 

‘ 211 1965 Navy...........;..... ' 

246 ’1969 or 1970, Havyil.u: 

• 210 . ,1962iNSF...l:.iw.i.ii..-..'i ... .. 

213 ,1944...:; — ....... 1959 Navy... 

125 ! 1927..i.. I ....:L.-::. 1956 . ' 

99^ 1941__ i __....^-:_VJ_ 1962__.__1ZCIY5ICGY 



.85 
.15 
.09 
^ .08 
> .17 
.77 



.70 

.98 

.07 



5.0 



14.43 



> Temporarily out of service, because of Foundation expenditure ceiling. > . 

*Belng replaced with smalieryessei. ;^ - , ' , V/ V .,77" r . ’ 

Question 24. Is it . possible to, make fuller ,u tilizgtion 6f , the existing fleet of 
.ocemoflmpAio re«eorc7t ^e««eZ« thrcmgh eooperative ofvessels bypar- 

ticipaiing research groups!. v! V^«>wu/*V'v. v i Y/'- .V t-' v 

Answer. jTiis -fleet is already oyer-utilized and /not , only needs updating with 
newly constructed replacement jess, els but;, additional new vessels as well. The 33 
ships Usted in, the ioregojhg. attachme^ serve acbmmunity of approxi- 

mately 3,000 inaiyidukls within the institutions which operate them. This com- 
munity is comprised of approximately 1,000 research staff, 1,150 graduate stu- 

‘Y -r: ; h'A ' V "- * yyU V : > .-7! -J - r-.v ; V-; •‘.■Iv.v 

..vs f r 'h; [-7 ‘‘A Iff:;; :y 

t ■; ;*•; ni it : '.''(tv;;; ??>; ’.vl J ii. : Y .y ' • . , r 9J 7 < 

'/ ** ■ : ! »?V i ) ' 5 ' 7 /' ■ : i i;7 0<r l ' V I 7 ■ 

7 *:ri' *Y/ f j: rww ) 'rr? : * :• : ; 7 . 

7 ' r -it; -m; y ' 

.7 Yil'VnUiiO' lu - ■- . ? : 
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dents and 850 technicians. In addition, approximately 950 research and graduate 
student personnel from other institutions utilize these research platforms in any 
given- year. (Two of the 33 ships. Eastward, and Alpha, Heliw, are oper- 
ated as “national facilities” primarily for users from other institutions. ) To 
^seiWe,.a group of this size, these ships must be heavily .scheduled,, The, number 
of days utilized per year varies as a function of several factors.. For instance, the 
smaller ships are not able to operate under severe weather, conditions and there- 
-fore in some geographical regions may iog only 180 sea 'days per year.! , Larger 
ships used for long-range cruises may operate as much as 320 days per- year.. The 
material condition, of any ship will affect the utilization. ' rate : since the time', re- 
quired for maintenance and emergency repairs increases with age. Given the mix 
of . sizes and the preponderance of old ships in the academic fleet, the average 
utilization rate of nearly 250 days per year per ship represents a remarkably high 
Usage level. 

With increasing numbers of institutions developing programs in the marine 
sciences, the need for ship time is increasing at non-vessel-operating institutions. 
Some of these institutions are already seeking to become vessel operators on 
their own. Aside from the obvious consideration of limitations imposed by lack 
of funds for construction of new vessels and stringent budgets for. operating the 
existing fleet, it probably would be prudent not to allow much further increase 
in the number of individual vessel-operating institutions. Instead, these institu- 
tions should be encouraged to form “user groups” which would either operate 
their own pool ships or arrange with present vessel-operating institutions to 
operate pool ships as a service function. The- latter alternative would permit more 
efficient utilization of shore facilities and supporting staff. 

Question 25. What steps has NSF taken , or does it intend, to take, to assure the 
most effective utilization of the ewisting fleet? 

Answer. Through its system of “block support” of ship ■ operations NSF has 
evolved a system of close review of the operations of the academic, fleet. The 
Foundation’s support of ship operations be gan with the inclusion of funds for 
this purpose in individual research grants. When vessels were small and costs 
were comparatively low this piecemeal approach to funding was possible if not 
entirely satisfactory. As early as 1959, however, research vessel operators were 
urging some form of block funding for at least half the annual costs of oper- 
ation of the fleet in order to make possible efficient and orderly planning of both 
operating and maintenance schedules. In recognition of this problem the Founda- 
tion. began in the early 1960’s to make some grants solely for support of the oper- 
ation of ships separate and distinct from research support. This was termed 
“block support” since each such grant provided a block of funds toward the total 
cost of operating one or several vessels at a given institution. Grants of this 
type became Foundation policy for all ship operations support in FY 1966. In 
addition to aiding institutions in planning their annual ship operating schedules, 
this blobk support program has made it possible for the’ Foundation to monitor 
its support much more carefully. TJniform requirements have been established 
for preparation of proposals in sufficient detail to provide both current and pro- 
jected costs and reports oh past use and future plans for each individual vessel 
in the fleet. Sources of funding, both current and projected, are included so that 
the Foundation may determine yearly its role with respect to other agencies in 
this support effort. Decisions concerning annual support levels can therefore be 
made with a solid background ‘ of information concerning vessel ? management, 
maintenance, scheduling and comparative' costs.' Information is required concern- 
ing intensity and effectiveness of use of each vessel (see attached. Table entitled 
“Vessel Usage— 1967” ) and lists of users from other institutions are Obtained. 
r A -Ship Operations Review Panel consisting of two' TCSF staff members and four 
outside consultants visit approximately one third of the vessel operating insti- 
tutions each year and hold an annual meeting to review all ship operations re- 
newal proposals. The intent of this entire review process is . to assure that the 
flee t is used effectively and Operated efficiently. Comparative operating, costs be- 
tween institutions are watched closely, ’ for example^ as one means of determining 
efficiency. The attached Table entitled' “Sample Operating; Budgets for; Three 
Sizes of Vessels (FY 1968 Budgets) ” illustrates the kind Of .information obtained 
as a basis f Or such comparative evaluations^ • ■■ 1 

-V.,. v . iij- j . ■ ■ t • ■' 
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. . - - . VESSEL USAGE, >1967, ^ s ; . , ; j .^osVfsKfv'-i? OiV ■!>:« !• ».-.i£»k 

[Based on 9 vessets operated by 4 major oceanographic institutiohsji r.^ w- ; ; !; J 

... 7 | iTutTaM flay*:*?'- Working {Vitjiifi 

...... ' ...JMit.of days A, Nuipberof , .working 

: Institution/vesseHmaxiimim scientific Complement); vf^?3^ f- e i a 

Phkt .jo..* 



i f ** m 



•>'*•>- ^-5 



Conrad (1 5)1 «• - — -L .1 . - - Li - - 1- 1 - -- 



University of Miami— Institute of Marine Sciences: r ; ,* >v-. 

Pilfebuiy (13)---- - - — — -- ----- — ~ 

Gerda : (8)—---j-:^i-------- -------------- 

Oregon State University :lYaquina 
Woods Hole Oceanographic Institution: 

Atlantis tl (24).l - ------ 
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Now out of service because of expenditure ceiling. 






SAMPLE OPERATING BUDGEtS FOR 3 SIZES OF, VESSELS (FISCAL YEAR 1968 BUDGETS) ;if ; : 



» , = -80-foot vessel . i : :• 180-foot vesse 11 j 213f foot vessel 



A. Salaries and wages (crew, technicians, marine operations 

staff) v— >---- . : : $141- 300. 



$212; 000. i*, 






214:700 



496,000 



f .$391, 000 



Maintenance, repair and overhaul 

Capital equipment and improvements^^— - 


^ 17; 500 " 

r,i-; >0 ,- 4 


1 84,000 
; ,43,000 .* 


'>•^125, 000 

.;‘W. 8.000 


Subtotal.. — — ...1: — ------ — ----- 


17, 500 


127,000 


,135,000 


Other: ^ . ... *: v 

Steward's supplies^.— i-—— . 

Spares and stores. — ... ‘J — — 

Fees, insurance, and travel— - 

Distributed charges, miscellaneous expenses and indirect^ 

' costs L..— — — - : . 


‘ ? 8,600 
“• f 1,400 
.: • i 0 

r 5, 000 

'46, 000 


25,000 " 
" 29,000 

■20.000 
34,000 

. ! ;49, ooo 


1 ; ^50,000 
{ M * 7,000 

: 30,000 

11^000 

: 159,000 


Subtotals ,.w r . - — - . s 


mi . ,55.900 i ■, 


157,000 


1 267, 000 



791,000 



i Vessel new. These items will begin to appear in next year's budget 
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Question 26. ff Congress follows the reconimendations of the Oomrmssion on 
Marine Science,, Engineering ,an<l Resow \ establishes a 

for the ocean environment, tr7iaf 57towZ(f pe theifeTatfovis agency to 

NSF’8 program* , for constructing, oceanographic ) research (vessels ; and < does the 
2 )d 88 il)iHiy of esfdhlishing^ such , , an iagency < [provide grounds for x deferring con- 
struction of .the proposed vesselt 4 j tyT vttwf dm:; 

Answer. The Commission report leases open tp > question the number^ 4, ^“ f ^" 

: ’ - ^ S A— L X.2 L,Uinl. .wm 1 1 Vwrw +/V Clrt /Inll rk/] 



X - ,t/» ~ v w 1 1 11 * 1 r* f < > * . r*t— — — A • * . . — — - , . . -w-. 

,ing! the present leadersin ocean research* ; bp designated ( by the pederalf Govern- 
ment as ; Uniye^sity-National Labora-tories , and ; be ^equipped tp under take : sma j or 
lhaidne pciehce. tasksioL njafepe^f « h1«sl fob* rs f;*»v. .u-.s nt> tirotln-i 

Phge 27.^rr“The number v . size,', and scope , pf; such major, centers depend on, the 
Ultimately assigned to vicious ;elements>qf. t]he .national ocean, effort, the 



laboratories, wpuldincludeibotnot.ibe.restrictedi^p.^tbejpresentlyacknowledged 
leaders! Certainly! tJhivef sity-N ational, . Laboratories iwill< be? needed on* - the n At- 
lantic, Pacific, and Gulf coasts, the Great takes, in the Arctic, and in the mid- 
Pgcific. ,f 

Page* 205. — “A basic need is to provide adequate institutional support to meet 
basic operating expenses of the proposed University-National Laboratories, which 
will have a key role in research and exploration. The Commission has not at- 
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tempted to specify how- ; many laboratories should be 

for purposes of the ; funding estimate,; a dozen such laboratories liaye.^been 

“flSSftwi it may be concluded ■ that; notall; seventeen .vessei-DperaUngMin^tu- 
tious ^w supported by NSF would be included under the proposed umbreUa-type 

support for fhe Hnivetsity-National t tabo £f itories ^^^ eth ^Vrt5^^^0AA^n 
of* other uni versity oceanographic laboratories would heiconsidered by NOAA x 
some*6ther fashion is also not ‘ clear. Certainly until, air ;agency aueh- as /NOAA 
comes into existence, all df the university and; private; research; institute -labora- 
tories will continue to lPokto'NSF and; the Navy to fund fleet replacements a nd 
additions. 1 Our answer to question -#23 attempted to convey- ?the: u rgcncy o 
for f un din g ' replacement -vessels for the academicfleet now: regardless. of what 
agency funds operations, replacements and additions, in the future. Bven /after 
Such A new agdncy is established the needs of some laboratories may still be the 
responsibility 5 of NSF. Thus there appear j:o be no gromds_for deferring, or dis- 
continuing the NSF program for support of oceanographic facilities. _ T 

Question 27. What will he the effect of House Subcommittee s reduction of 
AS 000 for National Register activities? ' ‘ r< -' ■*- 

Answer The prime result of the House Subcommittee section, in regard to 
TVntfonnl He-ister program for FY 1970 will be an effect on the program .for 
the Registration* of Engineers^ revising its budget downward from^$315;000 to 
OOO i: The reniaiiider bf the reduction will be absorbed within -the program 

making necessary reductions in the contracts 
to cooperating scientific societies and in the services expeeted of them. 

^ The important change that will result from the' Subcommittee’s reduction is 
cancellation of plans to expand the coverage and sample for the registration of 
engineers. It is Estimated that there are at present nearly 1.1 million engineers 
s_, TTnltcd States. The 1969 •registration of engineers is based on a sample 

of 100,000 names, drawn from an unduplicated list _of approximately 400, 000 
engineers belonging to 19 professional organizations. In asking for $315,000 for 
pv 1970 for the Regstration of Engineers, NSF had expected to finance expan- 
of the undulated list of engineers tb abont W .000 names of members 
belonging to about 40 societies. It was also planned to canvas a sample of 
approximately 200,000 names from the expanded list. With these expansion 
S?u£s cancelled, our budget as revised for FY 1970 will only permit the next 
reeistration of eng in eers to be on the same scale as the 1969 sample regstration. 

f5lurr?o expand the coverage and simple of the Registration of Engineers 
means that the analysis of engineering manpower vsnll continue to /he restneted. 
The present sample is too limited— both in coverage of societies and in size of 
sample — for many problems with, which the, country will be increasingly con 
cerned in the area lof enjgineering manpower. Indeed, , the expansion planned fo 
Jhfnexf rSistratiCn wai only a first step for improving engineering manpower 
coverage. In subsequent registrations it was planned to embrace more societies 
in the registration and to include engineers who are not members of professional 

° r Q^esticm^2S. In vi-eiv of recent developments related jo the State Policy 
Program, do you "believe the Foundation could make effective use of an additional 
increase beyond the $150, 000, increase recommended by the House Subcommittee? 
If so, how much additional funds could be utilized effectively? . 

Answer. Because .the program . is essentially new. i and : m still somewhat of a n 
experimental stage,, it will -have to grow relatively slowly to allow^for an assess- 
ment of presehtiy sponsored efforts.. Thus, .the. $300,00,0 . level: fpr the program, as 
recommended, by the House, iSubcp^inittee, would-be an, apprpprijite. amount for 
continued and effective growth in, tbp prpgram fpr FY 1970. Beyond 4970 
program growth -will) depend, op : Cl) the availability of qualified investigators ; 
( 2 ) evaluation pf - ithe effectiveness and utility of, presently supported activities 
in the program and/(3.) the extent- to which governments at the state and local 
levels feel that the program contributes; to their own efforts. V ' . 

Question ,29. Do you beUeVe it would be constructive for Fongress to conduct 
hearings this- .year. \on> the .'NSB 1 recommendations, and . related issues, regarding 

graduate education inthe sciences ? ; >< / ; . -^22*: 

Answer During ‘the. past - year -many -important studies, an, addition to that of 
the National Science Board, have been reported. These studies serve to document 
A rapidly- growing concern across ;the; Nation over the appropriate Federal role 
f n the financial support of. higher education— and especially ^ of its most expen- 
sive component, graduate education— and the moat effective means for making 
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this support available to oitr colleges and universities.. These studies t have : been 
conducted both within the; Federal Government and i. -by, private organizations. 
Together they represent the best thinking of the most experienced and. Jmo wl- 
edgeable* individuals in ;this Important area: :of rpubUcrpolicy. .-They ; share , several 
common conclusions: 1 ; edi''.- al.na . ffufvmcai &.i vd 

ii'i The next decade will present an Unprecedented ^challenge . .to par institu- 
Pl *'• tious of higher: education dn terms: ofthe nuipbers :pf • students, ; both, .tm)der r 
Ai: s graduate and graduate; who .will seek the > opportunity f or, :advhnced! training 
- s; fu<hoth' in< the sciencesiand engineering, and: in: all other fields... 

■ > : V ; *■ •• The- cost of providing > thisropportunity will; escalate at -an •, even mope .vapid 
1. , pace. This trend cannot ; be avoided if ^America? is ,to ; -retain its 1 longrestab- 

-fished goal of enabling each citizen to pursue an,- education to the; limits: of 
his ability and interests. .• ;';i •;>» 'it f; •; -ysi ,-J [ >; : ; ■{ -« .! 

’ While important financial support of higher education will continue to-be 
•- o provided by State and local governments and by t private. somrces, the .sub- 
stantial and growing participation of the Federal. Government is - absolutely 
essential to meeting the needs of the 1970’s. .. i 

At the same time, these studies differ in their emphasis and in their, priorities. 
The NSB report is . unique in that it is addressed to graduate education, that is, 
education at the frontiers of knowledge, an -experience basic to those who must 
lead our Nation’s .continued progress pn scientific, technological, and social 
fronts. The polarity among these: reports, although they are really complemen- 
tary in that -.they emphasize two separate aspects of the common, problem, can be 
summarized by the two types of mechanisms, proposed. for Federal use, : | 

The first is the expanded use of individual student stipends, together with 
“cost of educatipn” allowances to institutions, to. provide for equality of 
educational opportunity among .all groups ot , citizens. .’ C : ■ . , • . ■ 

The second is the expanded use of unrestricted, grants to. the colleges; and 
universities themselves to retain for these institutions their autonomy to 
maintain themselves, to provide for the continuity of .their faculties and 
essential services, and to. permit them the flexibility of planning their pro- 
grams and their directions for the future. ‘ \ 

I believe very strongly that it is both important and urgent for the' Congress 
to examine these matters, to attempt to resolve, possible points of difference, arid 
to formulate a public policy— particularly as it affects . the Federal role with 
respect to graduate education— that . will serVej ' the Nation during the years 
ahead. I would certainly, endorse hearings by the Congress this year on this vital 
subject. . ■ . y /.; "yC'Cv "• 

Question 80. How would, a possible hilf, . based on r the'N8B : recommendations, 
relate to the Miller-Harris hills ( H.R. 85, amended by H.R. 11542, arid 8.1568) 
which Would establish a National Institutional Grants Program? , 

Answer. The NSB report has recommended the adoption of six types of grant 
instruments to be used for the Federal . support of graduate education in the 
sciences and engineering and for possible extension to the support of graduate 
education in all disciplines. These grant instruments are : 

Institutional Sustaining Grants identified with faculty salaries, A rela- 
tively small number', of student stipends' for. flexible disposition by 'the 
institution, and general institutional expenditures, currently construed a!s 
the “indirect costs” of research grants and v contracts, related to graduate 
.education., ■* * '*;V •- ••••■• "i--.*. 

/ Departmental Sustaining^ Grants to provide for graduate student' 'stipends, 
the research needs of young investigators; and the operating expenditures 
of disciplinary departments and programs. ! 

Developmental Grants to assist institutions in the formation, expansion, 
or improvement of their graduate programs. : • ;>. 

1 Graduate Facilities Grants to assist in providing the general and spe- 
cialized facilities • and libraries ’ needed for- -graduate education. ; , ‘ 
Graduate Fellowships awarded on a competitive basis to assist in estab- 
lishing and maintaining quality standards. : I. ':’'..';:: f; r! 

Research Project Grants to- assist with the direct expenditures for 
v ■ academic research ' that are 'not included in the" five ihechanisms above. 

These proposed grant instruments are not new, but their definition implies 
a fundamental redistribution of the Institutional- expenditures' that have been 
identified with eachi ; during recent decades. -The NSB ;f ecommeindations thus 
represent a basic restructuring of the Federal grant mechanisms, a step > that is 
believed to be necessary to ensure the integrity^ ;of. the "institutions themselves 
andh'sound relationship to the-Federal Governmental .-■> ; i 
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The pending legislation is of a . diff erent; character. : These bills propose the 
establishment of an institutional' grant instrument - that would . provide supple- 
mental funds ' over mid above 1 that provided • by; _ current. Federal . programs. 
These, grants would be -responsive' to -both- the - undergraduate and • graduate'; ele- 
ments' of colleges and universities., There is,’ ' however, no fundamental .con- 
tradiction between this type of grant and the Institutional -. Sustaining Grant, 
recommended by 1 the N ational Science Board. Both; would represent important uc - 
restricted funding for -use by the college or university ; both contemplate the use 
of a formula involving factors that are, in fact correlates of institutional quality ; 
and both could be extended to encompass the j arts and humanities, as well as 
the sciences and engineering. -.1 --- 

■ Question Sl. Does the NSF plan to ask the Administration to submit a hill , 
based on the NSB recommendations t 

■ Answer. In his transmittal message to the Congress, dated February 18, 1989, 
which accompanied the submission of the NSB report, President Nixon stated: 

5 “Graduate education is- a critically important element in the educational proc- 
ess and one which is entering a particularly difficult period :■*..*• * Thus, it is 
most important that colleges and universities, state and local authorities and 
the interested branches of the Federal Government all re-examine their role 
with respect to graduate education * * * I have recently instructed the Secretary 
of Health, Education, and Welfare to establish an interdepartmental study 
group to make an overall review of the Federal role in education, including 
higher education. The' Report of the 'National Science Board will provide a 
useful resource for that review.” 

Fending the completion of this review it would be premature to ask the 
Administration to draft proposed legislation. ’ 

Question $2. How is NSF communicating its authority to support applied re- 
search at universities to thescientiflo community T 

Answer. Under its new legislation the Foundation is authorized to support 
“scientific research, including applied research at academic and other non- 
profit institutions.” Under this new authority it is planned, beginning in fiscal 
year 1970; to broaden the competition for research support to include applied 
research. ! • • ■■■’ »V: >#>••*. 

When the booklet, Grants for Scientific Research' is re-issued this summer, 
the words “scientific research” will- be substituted for “basic research” through- 
out. It is not planned, however, to broaden the eligibility requirements which at 
present restrict the bulk of funds to academic and academically related non- 
profit institutions. ! •••• 

: Question 83. Wliat kind of response is anticipated? 1 .. 

Answer. We do not expect our new authority to support “scientific research, 
including applied research, at academic and other nonprofit institutions” to result 
in a flood of new and expanded proposals. One reason is that many types of 
applied research cannot effectively be carried out as part of an academic pro- 
gram, but are more Suited to an- industrial type of approach; ■ Another reason is 
that we have always used a broad definition of basis research. For example, in 
engineering we use the concept basic /or engineering, rather than basic from the 
point of view of , say, a theoretical physicist. - ■ / = ; 

Likewise; in every field, we have used the concept “ basic to that field " and 
have avoided imposing an abstract, external criterion' of scientific “purity.” This 
is true in the social sciences, for example, where many of the problems studied 
have been based on real societal situations. • ; ! 

The line between basic and applied research is a very difficult one to draw 
sharply. One can say that a piece of scientific research is more basic or more 
applied, but there is no general rule which can be used which neatly separates 
all researeh projects into two- groups. In fact; a given project may be considered 
that we have always used a broad definition of basic research. For example, in 
understanding nature, and applied by another, who is primarily concerned with 
possible applications. 1 • ^ • ■ . : ! ; 1 

-^Proposals received will 'be ’handled by our existing organization. However, some 
expansion of staff will be’ necessary because ! of the greater coordination and fol- 
low-up efforts required f of research of a more applied nature. Most proposals are 
expected to lie within a single discipline, and may result from prior basic re- 
search. For example, an atmospheric sciences group may- propose an applied 
research project 1 to: study the distribution of sulfur dioxide pollutant as a func- 
tion of micro- and mesoscale atmospheric phenomena in an urban area. Such a 
proposal would, be assigned -for review to the 'Program Director for Meteorology 
in the Atmospheric Sciences Section of the Environmental Sciences Division. In 
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the review - process, both its'iner-it as, a scientific. pBogra.ni i and its • possible -sig- 
nificafice for solving our practical) air; pollution problems: would be- .considered. 
Where’ appropriate, ouryProgram JDiiector would discuss >the proposal. with, other 
Federal ' agencies having •> a, mission f responsibility- related -to the .proposal, - .... • > ; ; -y. 

1 Question 84 . What effects ■ will such'; support; ihav& (On N&F ’ 3 support Of. basic 
research ih universities?' 1 ' : : ' }>■'■« >«» ‘-MA; <iKi- 'n-y.-vrrJ. j r * j- : ; ■ 

- ? Answer. It is planned 1 to • support applied: research . th rough, ; incremental . fund- 
ing rather ‘than 1 by reducing’- support of basic science. The i Foundation will <give 
preference to proposals for 'research; activities which: constitute an; integral part 
of the normal academic program of the. institution,; Applied research is a valid 
part of the research experience of graduate students in; many disciplines. Perhaps 
the most important aspecb of ’our moveto broaden -the general- competition, for 
research support to include applied research lies in the fact that' universities can 
now plan their research programs without having! to ieut-; off the more applied 
aspects in order; to fit NSF’s’ authority. Thus, our span of authority now more 
nearly’ coincides with the span of research activities .which a university should 
undertake as part of its graduate program.-:,; : r : v 

Question 85. {a) What steps is NSF taking to prepare itself to respond effec- 
tively to future White House assignments to support national applied research 
programs relevant to social problems or goals? ( 6 ) Is expanded planning activity 
in this area advisable at this time? <•' -• i - : : v ; 

: Answer, (a) Several steps! now being taken. ibyrNSF- will: help, prepare, for 
future presidental assignments. In. the. applied research area, these, includes 

(1) Broadening the competition for research support; to ; include applied 
-• research. at academic! and' closely related nonprofit institutions,. beginning in 

fiscal year 1970, as discussed in questionS;32, l33,cand 34;above. 

(2) Studies aimed at identifying specific areas for programmatic support 

to be included in fiscal year 1971 :and laterbudgets.- . A? • , •• 

It should be noted -that the' Foundation has. already had substantial experience 
in theisupport of applied researeh. As part of. our Weather Modification Program, 
applied research has >>been supportedirsince ,1958 ; under, .the special, legislative 
authority; which was . repealed dn ±968. Research under : the .Sea Grant Program 
is almost entirely applied research in the marine resources area. Other, .areas 
in which the Foundation has supported applied, research include;: research on 
storage and retrieval of scientific information, and; research .related to develop- 
ment of a national science policy^. : «.• ■ - -yr-.i 

Also important in : this connection is the new Interdisciplinary Program, of Re- 
search Relevant to Problems of our Society, for which funds have been requested 
in the Foundation’s fiscal year 1970 .budget (see questions y 1-14 above). This 
multi-disciplinary program could have been initiated under our previous limita- 
tion to basic, research, but; a more flexible program: with, enhanced scope is pos- 
sible under the new authority. . . 

(b) Expanded planning activity i3 .not required in connection with possible 
presidential assignments. The. Foundation plans, .to .take some programmatic ini- 
tiatives on its own authority in; selected areas, of Importance to society, beginning 
in fiscal year 1971; A presidential assignment would remove the limitation to. non? 
profit institutions for research in the assigned area. Otherwise, program- manage- 
ment would be the same as for NSF-generated programmatic -initiatives. 

Question 86. If. so, are additional funds required to carry out such: planning 
activity ? 'A , ., > . . ... :• 

Answer. As indicated above, it is not felt that added planning; activity is nec- 
essary for this, purpose in fiscal year 1970. What is essential is, experience in 
managing applied research . programs* and .this will be acquired as we take the 
steps outlined in the. answer to question 35. . , , - 

; Question 3V. If , the Senate toere to pass S. 1856, which provides NSF with 
greater flexibility in the use of its fu/nds, does the Foundation currently intend to 
alter in any way the allocation 1 , of funds qmpng programs as set forth in S. 1857.9 
Answer. The Foundation does not presently plan to change .the , proposed; pro- 
gram allocations contained in S. 1857. if. the full, amount authorized is appropri- 
ated. However, an important advantage of . the flexibility 'provided by S. .1856 is 
that it permits the Foundation 1 to. continually evaluate , research,- science educa- 
tion, and institutional science needs and to adjust program allocations, to meet 
changing. conditions and priorities. • • ; ; n- 

. It ; has been the ..policy of the ! Foundation to conform; in general, to the . pro- 
gram plans as : presented to the - Congress in the budgetairy ; process. In • cases 
Where circumstances have, dictated a major .change in the; program structure or 
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a reallocation of funds to programs or projects that were riot included in the 
budget, such action has been discussed : * wi th' the appropriate* Congressional com- 
mittees before such action has’ been 1 taken. For example,' the 1 Friundatiori re- 
cently discussed with the Congressional Corinnittees •'•the’ rieed to provide for the 
construction of a prefabricated hangar for 1 research - aircraft- operated by the 
Foundation-sponsored* National Center for Atmospherie Research. Also, in the 
fairly recent past, the Foundation 1 discussed in some dot ail with the* appropriate 
congressional committees, a project proposal* which involved the joint support 
by the National Science Foundation and by the Ford Foundation of a 150-inch 
optical telescope for the Cerro Tololo Inter-American' Observatory. After obtain- 
ing _ committee concurrence, the Foundation provided an initial increment of 
funding and included requests for the remainder of its share of the project costs 
in subsequent budget submissions. This procedure of conferring with the various 
interested Congressional committees would be continued if the Congress were 
to enact the broader authority contained in S. 1856. ' 

Question 38. If such alterations were to be made what circumstances would 
obtain leading to them f .:<>-•••••»•■ • • . - • {•• i.h*; 

Answer. FY 1970 win be the first year* that the National Science Foundation 
has had both an Authorization and an Appropriation. At the moment, the prin- 
cipal reason for altering the distribution proposed in the budget would' be the 
priority requirements of the Foundation prograins under the conditions of pos- 
sible appropriations which are substantially less than the authorization. A sig- 
nificant part of the total funds made available to the Foundation in ariy given 
year represents relatively firm commitments which would have t ; be substan- 
tially funded in the amounts budgeted regardless of the amount of the 
appropriation. ' ; ! •• .--.-U 

For example, the Foundation has a large investment iri physical facilities at 
the National Research Centers: The Centers serve ’broad groups of scientists 
located in a relatively large number of universities as well as those employed 
directly by the Centers. Generally the National Research Centers are afforded 
a rather high priority in funding in order that they can utilize the Costly invest- 
ment in equipment effectively to best serve the needs of the scientific community. 

Similarly, there* are other NSF program areas where there is a ; definite need 
for continued rapport. Among these are certain continuing research projects, the 
Antarctic Research program, the Ocean Sediment Coririg program arid other 
national research programs such as these. In addition continued support is needed 
for continuation grants* for the University Science Development program where 
substantial investments have already been made from both National Science 
Foundation funds and university funds. It would be detriitterital to the interest 
of the university nbt to meet our Commitments for continued support as necessary 
in these areas. -r if 

In another context, it is evident that the operating costs of the National Science 
Foundation which provide - for the salaries 1 of * permanent employees and con- 
sultan ts and travel costs of these einployees plus' all necessary expenses such as 
purchases arid equipment, supplies, Computer rentals; etc;, must ’ be fund(sd sub- 
stantially as budgeted regardless of the total ainount Of the appropriation. 

Question 39: Could such alterations' also be made effectively under 8. 1857 
through appropriate consultation with Congress when necessary? ' 

Answer. Although S. 1857 is generally more restrictive legislation than S. 1856, 
the provisions of Sec. 3 Would provide a mechanism for adjustirig programs after 
consultation with appropriate committees of Congress. The ainoiint’ by which 

the Foundation could adjust the funding of any program of the Foundation is 

limited by S. - 1857 to" not more thari'5 perCerit in* excess of the amount 1 actually 
authorized for that particular programmes specified in the authorization. 

Question 40. Is it desirable for Congress to determine priorities by allocating 
funds among broad program categories as it does in 8. 1857? Is this not one of 
the major purposes of the authorization process? :■ 

Answer. The Foundation regards as a major purpose of the authorization 
process the full presentation of its 'prbgrairis for : Consideration by' the Congress. 
Since the authorization ‘ is an annual process, * thp Congress Can work its will 
by a variety of mechanisms other than 'by authorization bn a- line item ba sis. The 
committee reports which accompany a general authorization suCh as S. 1856. Can 
be. effective as a 1 mechanism for expressing Congressional intent as to various 
priorities , Of -programs. • The : Foundation can theri be held accountable by the 
committee for its performance within the constraints’ expressed in the committee 
reports. This mechanism has been in existence iri the appropriation prOcess siriCe 
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the beginning of the National Science Foundation and might thus continue to 
serve the interests of the authorization committees. ; . • ; j ; j . . ; 

> Question 41 . What impact, would Section IV have on the availability of fund-, 
ing for NSF’s programs in the future? 

Answer. Section IV of ,'S. 1857 would have the effect of limiting the. accumula- 
tion of authorizations in .amounts substantially: in excess of the amounts appro- 
priated over a three year period. The . application of this section would , not 
adversely affect the future availability of- funding for Foundation programs, > 
since there win presumably be an annual authorization at least equal to the 
amount of an appropriation. . $/ ' ■ ■■ ,v j . 

Question 42. A recent report of the New York Academy of Sciences entitled 
“ The Crisis Facing, American Science” recommends the establishment of “guide- 
lines for the annual growth rate of federal spending on scientific research” and 
asserts that a rate of 15 to 20 percent per year is reasonable. Do you believe such 
guidelines are desirable? If so, do you believe the rate of 15 to 20 percent is 
appropriate ? v -i •• v. • 

Answer. A guideline is desirable for several reasons: it -provides a rationale 
for Federal research support ; this rationale can be examined by all pertinent 
groups ;, on the basis , of such reviews a generally acceptable guideline may be 
developed which can: then be used as the basis for Federal funding of research ; 
if the funding pattern adheres to such guidelines long-range national and, insti- 
tutional planning can be: carried out more effectively. 

In order to establsh a guideline for growth rates of national funding of. scien- 
tific research, one has to face inevitably first the question of how much research 
should be supported in any given year. This question , is not easily susceptible to 
quantitative analysis. However, it seems valid to assume that national research 
funding patterns established during periods which did not include unusual finan- 
cial national obligations such as those due to the Vietnamese war, represent s 
national. determination of the relative; amount of GNP which: should generally 
be. allocated to research. This is the, case because our national utilization of GNP 
is the product of a complex and multiple system of checks and balances with the 
end result .representing a national consensus-of funding priorities. Thus, it seems 
valid to assume that the 1966-67 levels , of national or Federal funding of resea rch 
are representative products of. this complex . national allocation process;. 

. Having established this base, one can , tb en deal with the , question of future 
growth rates. Studies { and available statistical ■ data ; have shown the : cost . of 
research to.increase : in . recent years approximately 7 percent per year due to 
inflationary factors .and, factors related to the > increasing complexity of science 
and technology.-; .Thiis, ■ to .maintain .even a . constant level i of scientific . research 
activity a 7 percent annual growth in funding is required. In the case of academic 
research, one has to add another factor proportional to the expected- growth in 
the, number of graduate students. This > is the case /because Academic research 
performs a dual function; of enlarging ;our basic, knowledge. pool and at the same 
time, provides training for- our future scientists and engineers. Thus research 
activity: is , required; in universities .to provide • research • .training for graduate 
students and . to maintain the faculty's knowledge at the forefront of science. 
On this basis the .magnitude of academic research activities should be propor- 
tional to the enrolled number of graduate students since this represents an index 
of both students and faculty; ( assuming a constant student to faculty ratio ) . 
Graduate student enrollments are increasing at an annual rate of approximately 
9 percent. Consequently, if one -wants to maintain the: level of academic research 
activity on a basis of. constant proportionality to the. graduate student body, both 
of the above, factors have to be, taken, into consideration thus, indicating an overall 
16 percent growth rate., This rate lies within the . 15-20 percent range - recom- 
mended in the New York Academy of Sciences' report which; dealt primarily with 
academic science research. .. . .'".v-ir-r; -\ v 

In the case of non-academic research, the 7\ percent inflationary-complexity 
factor is, again required to maintain constant levels of research activity. A firm 
guideline to growth of research activity is more; difficult to . define. It could be 
establshed. .on various bases such as : growth proportional to that, of the GNP 
(in constant dollars) , , growth proportional ; to that of industrial technologies 1 
development funding,, growth proportional to- changes in industrial , sales or a 
combination of : these factors. No clear-cut. recommendations as to which of these 
growth factors should; be used as a /guideline basis; haye as yet evolved. : ... 

It must be noted that the factors which determine the ; magnitude of the.annv,al 
growth rate guidelines* as outlined above, are keyed. to : rate at which inflation 
''"curs, the rate of increase of scientific and technological complexity, the rate of 
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graduate science student enrollment and the rates of growth of GNP, industrial 
development, industrial sales, ete. The magnitude of any : of these factors can 
change as a function of time. Thus the -calculations of these numerical factors 
. have to be revised periodically. It should also he emphasized that the above-stated 
. general ; guidelines do ; not cover cost; increases produced by large science experi- 
ments with their associated high equipment and. facility costs. • .. , , • = . 

x . Question J^S. 'What is your view, of Dr. Brim’s .recommendation before the 
-House Subcommittee to establish “a- new Tcind of institute with, the clearly de- 
fined, purpose of carrying on applied social, science research, on problems of public 
significance ”f . ’•'1. .-. • • 

■ >. Answer- Dr. Brim’s testimony was based: on his work with the Special Com- 
mission on Social Sciences, appointed by the National Science Board, of which 
he is chairman. The Commission explored a number of proposals relating to pos- 
sible new organizations which might be established. These -ranged from entirely 
separate organizations such as the National Center for Atmospheric Research 
-and the Brookings Institution to strong groups within a university, gathered to- 
gether from several, disciplines and oriented around a set of special problems. 

, The : Foundation has been following the work; of .the Commission and will give 
-serious consideration to its recommendations, which soon will be published. The 
new program of Interdisciplinary Research Belevaat to Problems of our Society, 
for which funds are 'requested, relates to these discussions and represents a 
planned, effort to encourage multi-disciplinary groups- of scientists working to- 
gether on important societal problems^ It is not ex pect ed that NSF will initiate 
any new institutes under this program, at least in FT 1970. However, if a uni- 
versity has an existing institute or wishes to set one up, we will consider pro- 
posals originating f rom that institute. ■ 

Question 44- "What steps is N^F talcing to improve the methodology for allocat- 
ing limited resources , between competing areas of basic and applied research : 
■ betzoeen research and education? 

Answer. Methodology for the allocation, of resources for scientific research 
: must .consider a number of factors^ .Allocation choices among a number of broad 
fields or problem areas in science are. influenced by factors such as the number 
of qualified scientists,: thej number and distribution of quality, institutions capable 
of supporting research, readiness or need of the field in view of -recent theoretical 
or instrumentation advances, special instrumentation requirements, degree to 
which the field contributes , to . identified social . needs, special opportunities of- 
fered, and degree of contribution by a given field to other fields., Tbese.pl us other 
considerations are all elements of the decision matrix.' . ' . i \ • 

The Foundation has taken ah active interest in the develop nent of formal 
methodologies which could be used , as tools by those making allocation decisions. 

• Staff members have devoted time, to.sucdi. studies, and .external .support .has been 
given to allocation study projects -to provide added insight* Examples of studies 
supported by NSF are: “An Exploratory Study of Science Resource Allocation” 

. carried out by the RANB . Corporation, and studies of science allocation processes 
■underway at MIT.and .George 'Washingtoh University. The studies of the status 
and needs of various ; fields of. science, which .are carried out .under the auspices 
of. the Committee on Science and Public Policy of the National Acac^my of Sci- 
ences,, with NSF support, .also provide -useful inputs fo.the. allocation process. 

... With respect to the methodology used for the ;NSF choices between basic and 
applied research, the above considerations, apply -plus several .additional factors. 
One . invplves - the NSF decision not to fund applied areas of research at ‘the 
expense of existing funding levels, for basic, research another involves considera- 
tion of support provided . by oi'her Federal and non-Federal sources. Extra emr 
phasis is placed on iueeting identified social or, technological needs and on the 
exploitation of special, opportunities Offered by specific areas. Other criteria for 
choosing special applied research areas for programmatic development by 
NSF have been developed. Such areas should meet . several of the following 
requirements.:. ■ . . . .. , V\ . 

(1) Takes advantage of the close relationship of NSF to the academic 

■' community ; ' '' 'V.!.' . ’ ‘ ' : t; ' 1’. 

(2) TJndergi-rds the missions of more -than one agency ; 

(3) Has long-range goals beyond the * normal' program plans' of mission 

agencies ; , ; : ; V ' ^ ■ ' >- ' ' ’ ’ 

. . (4) Stems from scientific, research programs ‘ supported by. N SF, including 

’interdisciplinary pro^ams ; ' : s • ->•* >• ; •• • - : ; 

' \ (5) Haspb assigned ‘‘hoihe” in a mission .agency. '. r ' 

-'*:■■■» > - - » C r ' -i % './v r !■_<* u?: ? <»»',.> ; I.-. ■} r' ! 

■ r v '■ ? •: .?;v ;!■ '«.»'* v u i « i ”- : i\ v -■ 
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In supporting: fields chosen through' the use of these guidelines, both basic and 
applied studies will be accommodated,' especially since there isfrequently he sharp 
demarcation between basic and appUed research' ' i. ; f > 

Development of formal methodology for allocating support' between' research 
and education is at present inhibited by the complexity of the interdependence 
between the two activities. Research participation is a strong educational com- 
ponent at the graduate level of science education and, in turn; one of 1 the chief 
end products and objectives of the latter is the maintenance of the national scien- 
tific and engineering manpower pool.- Quantifiable allocation methodologies for 
decisions within research or among science education programs must be better 
understood before formal allocation strategies involving both can be developed. 
Nevertheless, better empirical Solutions to the real problem of program and 
budget construction are sought by the Foundation through internal staff studies 
particularly represented in the annual Planning, Programming and Budgeting 
exercises. These require a careful examination of overall program goals, the 
effectiveness of programs underway and the consideration of alternative ap- 
proaches. The relative contributions, opportunities and needs of research and ed- 
ucation are annually examined in ' this context and in the budget ; construction 
phase which follows. Finally the assignment of resources between -the primary 
programs of the Foundation is periodically reviewed by the National Science 
Board. ; o iv:v* .'v.-jrv.' ■ -.fiiijj'r 

Question 45. What steps can he taken to make it possible for promising young 
postdoctoral scientists to compete effectively for research grants' of their own, 
as opposed to serving as research assodutes- on prefects dir ectedfty more- senior 
scientistst ■ ■■ ■■■ w ■■ •; 



Answer. The situation for promising young postdoctoral scientists varies 
widely from field to field. In some areas, such as biochemistry, it is normal for 
the best young men to be recruited into groups which sire uuder the leadership 
of a senior man and are funded under a broad Federal grant or contract. Such 
men are normally given great freedom to do ’ their own research and may super- 
vise a group of graduate students. The postdoctoral scientist in such cases often 
serves to bring new ideas and' techniques' from his doctoral institution to the 
group he has joined. Under this regime, the best young : mien are generally not 
anxious to apply for grants of their owh. and look forward to making such 
applications later in their chreerai, 1 ' 1 ' - ’!■ r! . 

In other fields, such opportunities are much more restricted. In engineering, 
for example. the Foundation has established a 'special program of “Research 
Initiation Grants” to r help young research-orleuted engineers get started. These 
non-ienewable grants provide support for 15 months' and are available to inen 
within two years after rewiying their doctorate. This program has been very 
successful, and most' of the men supported ; have found assistance from other 
. TOurcW i 'iiit'tte^n^!^& iiitiatiOh .Grant. '1 ;,,| /7 ’ 1 

In reviewing proposals, our staff and advisers are r very weli aware of the 
importance '•** 1 

r eceive 
Ph. 



I^v*^*^**® ,..****>*,. w uuuciwmtj auiuimouauvc pesinmsiuun 

investigator is not alWays corttpatibie with-tbe intense (iesire of the young 
scienG'sttQ devote himspif fully ^ ^ ,!1 ’ " uouqu: 

; f \Mpally, an ; inc%si^;^um^er ‘bfinh|i^ti,qil . h'aye been;k1>ie to findlocal fund's 




hetalceh 'fhimMsdenee '^u^tii^mbre^iyoSnt 
to the youth of the nation? « '- rr < »-Hn. .»yn»i 




admin- 

ariother segment. Some 'students believe courses in the' SwabiiOqngiiage are 
.jqnd .relqyant ,mqst t ,do , Mt Tr .g^q,.jstadpt^ 1(1 ( au^^uca^or^.’Tielieve 
courses in Latin to be important; others consider' Latinlto r be- a a 1 irrt>lpy«.nt as 
Swahili. The student heading^Qr rt ft,rcseajr<|h egra^n^ 
that the calculus is relevant; the prospective' business inau has doubts. More- 
over, students with quite different concepts of relevance are almost invariably 
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to be found in one classroom until at least tlie upper years of cdUegel 1 .He^ce, 
achieving relevance must, in the last analysis, rest upon the flexibility^ of .the 
teacher and of the; curriculum and upon the availability of a variety of teaching 
•materials. : :■ H: v ■ >v " 4:; ' ri -. 

I The Foundation’s education programs include activities dieted 1 expressly 

totbeseends. •> »•- - !ii 1 ' 1 ' 1 J ' v 

The inflexibility of teachers stems in large part from their reluctance to depart 
from *a highly • structured, * predetermined approach lest they find thenlselves 
beyond their subject-matter depth; The Foundation's several programs * designed 
to increase ; the teachers' knowledge of their- subjects hnd of the variety of j ways 
in which a topic; can be taught are based on a ; conviction that the ^teachers’ 
mastery of the ma terial tends to assure 1 not only improvement in the nature of 
the content taught but that subject matter mastery develops in the teachers 
the kind of self-confidence that frees them of excessive figidity. , ' 

Second, the teachers’ competence and attitudes alone are not enough. They 
must have a variety of teaching materials from which they may choose those 
most suitable to their particular students. In addition, those • m&ter 5 als should 
be such as to emphasize the learning rather than the! teaching process ; they 
should require active participation on the : of the students with , guidance 
from the teacher. “Lecturing” the* students should 1 be minimized.’ Casting the 
student in the active * role and affording him a variety of topics to study an d 
modes of doing so, is basic to 1 meeting the problem of relevance as the student 
sees relevance. The? Foundation’s -support of the deyelopmeni: of new and better 
courses, instructional units,' and learning aids (films/ books, laboratory devices) 
emphasizes contemporary content, variety, student involvement, and differences 
in learning stylea ’ " ,5 ; 

Lastly, it is important that science be taught— other than in 1 courses for special- 
ists-^as a part of the totab experience of man rather than as an enterprise of. and 
for scientists ; scientists have no more ownership of scieiiCe than ^bistorians have 
of history. This point of view must be implicit in both the teachers’ attitudes and 
the instructional materials. Stated simply i science ( its methods ^ cbhtent) are 
relevant to mankind’s condition and can. easily be shown io be so. ? \ , 

* In particular it is important that the social sciehce^^whith^ the struc- 

ture and functioning of peoples’ relationships to each other— should be realistic. 
The most salient fact of America toddy is ttie ^vai^^ess'^ 
issues have been much neglected ih’ educational programs because axe 

uncomfortable to deal with. Probably' the single most imppi^ant step to increase 
the relevance of science education to today’s youth is the ^^apirig of thte. content 
of the social science cburses. Through this mechahism students can be showh that 
the knowledge available to them through their schools can be, useful in the ‘‘real 
world’’ from which they believe the schools are too detached. 

Question 4 l:T&iphxit^ feasible to use s<dene^ programs 

as a means' for* fti¥i1ieMrig national sociqio^ the. tieed 

for more technicians in the scientific enterprise' with the 'goal of* 
disadvantaged with employable^ skills ) t ' ‘ ' V f V 1 ; ‘ ", V. / . *■' « < , 

1 ^Answer. Thete are a number of ways of answering the question ^depending 
Upon how one defines science education (and tlie extent to which it differs. from 
vocational education ) ' ! arid 1 technical; sldlL * For ' the /present ^pu^ ; ^ciepeje ;^u^ 

cdtibn is- considered 1 to • be! education 1 in ^scientific principles /and’ methoas as .'dis- 
tinguished from manual skills. The scientific (or Engineering) technician is here 
considered to be an individual who performs tasks that require both manual skills 
and a npn-trivial understanding, of the ; reasons for ; amd import, of his ^ocedures. 
Although both definitions APflld^vgUdly 

of the above definitions, science education — and not necessarily of a highly 
specialized sort- — can jbe> a powerful; instrument in enabling, the disadvantaged to 

obtain technical employment urf-J "<•} r j - ^ i;^ 7 ' °}1 'li : ‘ : 

, . . . As we ! pointed out in background', documents* if or > the >NSF t authorization, hearr 
ings, technical employment has certain characteristics that must be irecognized 
when large technician^training/ programs>;are being; consideredv Briefly; (these are 
the highly iqcaliz^nature t of employment opportunities; themon-mobility: of- the 
technician .component of the, rlabpn :f pree * i and the short lifespan of specific ttechn] - 
cal tasks andwithit thehighebsplescence rate of the narrowly i trained technician. 
> A good i technician i training program isione; which flnds the -best compromise 
between! sound educationi irndepth and^early \ employability ,* between theieduca^ 
i / $ onal aims > of the* program) and thet educational attainment i and » competence^ l^vel 
< f the, entering [student* between programs that could tenable 'the student > to; con- 
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jgS^ 8 SCh00ling along more academic lines in the future and job-specific 

optional i program, the science education provides the : student with an 
understanding of the phenomena with which he will deal aTa SnwIf^ 

ab^teclScal SSi? fha« n * of the disadvantaged with employ- 

a v ic ' ®“ Us than? is ; being done;i Two approaches fare : neeessarv First- the 
r d bl e hs phool instructional .programs ”s^^d ^ak^ b^tter 
5° r « ,JCh students. This can be ; done-^-and to a limited^ent fs beiS 

oriemtfoJttSrartom'arV 0 ' S?mC CUrri<nil>r materials <ritb a more '•practical” 

Second, separate and special instructional units and even courses need tn ho 
m«i«°aio l^at have a more specific orientation to technological skills The unit 
mattoE^^oiim sive- a teacher a mechanism for providiS sXble techXl 
l an< ? m otivation) to individuals in a class; complete course 
of otudeote wh^ StTs fpprepriare 8 “ «PPr®acH to entire classes 

° ature * Although far from complete, these experiments have already 
ne S ?to S «?- a Dum ^ e ^ of useful, guidelines for a greatly, expanded effort. In view 
Wn^diw 11118 ^ sta tutory “ission and financial resources, the National Science 

din^dtonf 11 h J lS ?° Eaarked ly expand its activities with respect to the 

disadvantaged. A shift from an experimental to an onerationai iavaI mnniH 

require a substantial increase in Foundation resources, and would tend to shift 
of ^he^ation^to rae ofsodal action/* 8 ** Strengthenlng the scientific capability 

■f„2% e8t i° n J 8 ± Doe *W8F consider existing mechanisms adequate for trans- 
Bi^Zca^rJgr^^ ageme * to the Foundation for nse in the International 

mech “ l3sms d0 exist, and such transfers have been made 
f^j^ttedly . there are problems with the lead-time required if funds from other 
agencies must be re-programmed, and if their staffs are to have time to make 
independent judgments concerning individual proposals. Much of the suSSort 

Knb^reLTA?S. lea for IBP wm conU ““ 

this^oposali 11 ** 0^, d0&> NSF require additional funds in its authorisation for 

^P^^t ^tudy on the IBP haa projected legitimate requests 
tw*iW W< ?i 1 new for IBP in FY 1970, and estimated at that time 

that NSF could appropriately support approximately $8 million of this total The 
decisionto request $5 million rather than $8 million in the NSF FY 1970 budget 
was dictated by an appreciation of the fact that '.support for scientific research 
generally win have to be held to a figure which is less than projections ofSt? 
mate need for all fields of science. The figure of $5 million represents in a sense 
a * 8 * a reasonuble level for a high-priority activity in a year of ex- 
SS&^SS bTrSS r rt a ^ estimate of the rate It whlh va°rio^ 

Prepared Statement op William T. Knox, President, Information Industry. 
Association and Vice President, McGraw-Hill, ; Inc. 

nrelf? 8 *™ 811 ’ Members of the Subcommittee: I welcome this opportunity to 
^ >I K Se «i*a J 011 .? 17 views with respect to the budget proposal for Fiscal Year 1970 
FoSItton by ^ ° fflCe of Scieace Information Service of the National Science 

cri™!^T V K had ^ 0ns l < l era i ble difficulty deciding from which viewpoint I should testifv 
tince I have been involved with scientific information in so many different canac- 
itiea In 1959, for example, I testified before the House Committee on Science and 
Astronautics, on the basis of my experience as a professional researcher research 

di T r ^ 0 ^ n , indu8trial re8earck technical info^atiok ^ioe 
time I testified before the House Subcommittee on Science Research 
an^Development in my capacity as Ghainnan of the Committee on Scientifi^ and 
Technical Information (of the Federal Council for Science and Technology) and 
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chairman of its National Systems Task Force, in addition to serving Dr. Hornig 
as liis assistant on these matters. I was also a charter member and for two years 
chairman of the Science Information Council, which was created by the Congress 
in 1958 to advise the Office of Science Information Service: Currently and for the 
past two years. I have been employed by McGraw-Hill, Inc., a publisher of scien- 
tific and technical information in various forms and media. Most recently I have 
been an instigator in establishing a non-proflit trade-association of commercial in- 
formation purveyors, which is called the Information ’Industry Association. I am 
currently serving as its president. 

Perhaps I can best characterize my viewpoint this morning as being that of a 
deeply-interested citizen, with my current biases emphasizing the role of the 
commercial information industry and the importance of the industrial research 
community. 

It is mow ten years since the Office of Science Information Service was created. 
As you are well aware, it, was created by the National Defense Education Act of 
1958, and was not a part of the original enabling legislation for NSF. From its 
beginning OSIS has been an ; unusual operation within NSF. OSIS was requested 
by the Congress “to provide or . arrange for the provision of’’ better information 
services for- the scientific and {technical community. • In a functional sense, OSIS 
wa«i thus asked, to provide or arrange for the provision of 6n-going information 
operations — not research, but development and operation of services. This is quite 
a different ballgame, than the dOminantone played by the NSF ; namely, support- 
ing basic research and education in the scientific disciplines in our colleges and 
universities. - • r 

I have stressed the unusual character of the OSIS inandate because some of the 
characteristics of its program may be ’largely due to the difficulties of operating 
a program which directly affects large; long-established information services serv- 
ing the. general scientific and technical community: when the dominant tone of 
the overall NSF organization and its administrative guidelines and' regulations 
respond to the needs of. university-based ressearch and education. 

[You are aware, I feel sure, that the great bulk — 71 %- — of U S. scientists and 
engineers engaged in research and development are employed in private industry, 
and only 15% in universities. Thus the greater part of the usage of scientific and 
technical information takes place within industrial research. 

QSIS was established us a direct, outgrowth of the Congressional concern over 
the launching of Ruga’s Sputnik I, and some highly publicized statements that 
had this country had better access to Russian literature in science and technology 
it would not have been caught napping: 

The basic premise on which OSIS was established and which has guided many 
Of its. programs was that ali the worldwide literature in science and technology 
should be widely disseminated across the nation. The underlying theory was that 
there was a scarcity of available information, and the remedy was to translate a 
lot of foreign literature and publish more of our own. 

So much for the background. If I were asked to characterize the OSIS opera- 
tions over its first ten year’s operation I would say that it had valiantly tried to 
live -up to its responsibilities. However, because of the general NSF atmosphere 
and the stress placed, by the university-dominated President’s Science Advisory 
Committee on the professional scientific societies’ role in 1 scientific information, 
OSIS has given little attention and less support to the vital role played by com- 
mercial publishers and other types of information entrepreneurs, especially in 
relation to industrial research and the technological community. 

•Let me quote from the NSF FY70 Budget proposal. “The System Development 
and Improvement program ($7.6M) assists professional societies. In development 
of systems, the Foundation works with the most representative scientific societies 
since the scientific community in each discipline should be responsible for the 
deffign ; implementation, and operation of the information system that will serve 
its; requirements.” - ,,•? ■ >:x ; 

The tens of millions of dollars granted by NSF for tbe development and opera- 
tion, of moire adequate information services in the scientific and technical informa- 
tion' community have almost- without exception been placed with not-for-profit 
enterprises, especially the professional societies. . u.-, 

• ( In addition, other support- programs baye been Restricted to the not-for-profits 
As, ap example, let me cite the, f ‘page .charge’’ .policy which was initiated by OSIS, 
apd after endorsement by the .Federal; Council, followed- by all Federal agencies 
TJjider: this . policy, a large fraction of/the. costs for publishing research results are • 
paid .by Federal agencies, provided jthe publisher? is ;a- not-for-profit organization. 
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This not ; only penalizes existing commercial publisher^ : but effectively ' inhibits 
new commercial ventures and. ensures . the continuing growth, of the not-for- 

profits.,, : 5 .rl r:- = > t i i::Vm 11 • ■ •! "< ; i ■ i I-:,;!- i ■: 



• The reliance, placed.’ by OSIS on the' professional^ scientific societies hasalso re-’ 
suited, in. OSIS taking a traditional approach rto the scientific information- problem i 
Professional societies, operating as they do through volunthryi efforts and diie^ 
paid by their members, are generally verjr conservative organizations. «■: 

In addition, they are relatively weakly managed, with a cumhersohie coirimiittee : 
and administrative structure. A good deal of effort by Dr. Adkihsoii, the head of 
°. ~J2 nce its inception, has been spent, therefore, trying to convince the various 
scientific societies that they should do something about the scientific information 
situation in their discipline, and that they would be willing to accept his help 
This was not easy. , n ; . 

How different the situation might have been had equal effort been placed to 
awaken the commercial information industry to the importance of providing bet- 
ter scientific and technical information systems and services, with gover nm ent 
funding available to cover the market research, development, and systems design 
and implementation costs. In spite of the repeated, firm denial of such encourage- 
ment from OSIS, a few commercial firms, at great- financial risk, have entered 
some areas of the scientific information field. Their courage deserves praise and 
more support. 



The Congress would do well to ask OSIS to Justify its stated objective to Create 
one principal source for all pertinent scientific information for each major dis- 
ci plme. This sounds like a set of monopoly operations created within professional 
societies by Federal administrative action. What criteria will determine the selec- 
tion of the one source? What criteria will govern the scope of its coverage and 
tne number and type of services it renders ? What agency will regulate the monop- 
oly in the public interest? What will be the regulatory procedures and criteria? 

_Let me now turn to some pressing operational problems. A lot of effort— tens 
of millions of dollars each year — goes into publishing research results and sub- 
sequently abstracting and indexing the original publications' This is the tradi- 
tional area of operations for the professional societies. It is a library-oriented, 
archival approach. Each original article gets the same treatment, although it is 
freely admitted that the great bulk of these articles are never referred to by other 
scientists. Part of the problem is caused by the “publish or perish” syndrome in 
the universities. Part of it is simply the inertia of tradition. The more innovative 
people concerned with information services in the professional societies agree 
that primary journal publication has long since passed its peak of usefulness, 
and that it now primarily serves the author’s purposes rather than the user. 

The user needs to have access to a variety of information services tailored to 
his specific needs. These services must also be flexible ar d change with the user’s 
changing needs. This is the type of function best served by the commercial in- 
formation industry. The commercial information industry serves its users well or 
it goes out of business. 



What should OSIS do about this? Is OSIS, through its page charge policy, 
and through its exclusive reliance on professional society publication, abstract- 
ing and indexing policies, perpetuating an obsolescent practice? Is this in the 
best interests of the users? Why is OSIS still budgeting substantial sums for 
support of primary journal publication? 

As an example of alternatives* the Weinberg panel reported, as others before 
had suggested, “An attractive technical solution to the problem of the dissemina- 
tion and retrieval of documents is the centralized depository. Perhaps the main 
obstacles to its adoption may come from the attitudes of some elements of th<* 
technical community itself.” 

NSF has provided massive financial support to encourage several professional 
societies to computerize their abstracting and indexing efforts. I think fair 
questions for this subcommittee to ask are the following: If Federal support 
predominates in the establishment of these new computer-based abstracting and 
indexing services, what assurance is there that the various services do not dupli- 
cate each other's effort? Should OSIS anticipate the possible desirability of a 
complete Federal subsidy of these operations? 

In a very real sense, a complete Federal underwriting of the abstracting and 
indexing operations would be analogous to Federal underwriting of the com- 
pilation of information by the U.S. Geological Survey. In both cases a service of 
general, non-specific interest is rendered. No' one knows in advance whether 
certain geological survey data will be useful ; neither does one know about an 
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abstract or an index to a journal, article; Sfi.ch subsidized abstracting and index- 
ing .operations, could, of course, be under the ,manas&rial control; of professional 
scientific', societies. , ,< -L-.-i ■■■n <.»•<*?!.' .-•:!« I -r-.j-.x: ! 

.One major ; .prefssionali scientific society : has .already? .begun to view its role as 
a. wholesaler, of abstracts and indexes. -This is a ; step, forward. It recognizes the 
relative inflexibility: of: professional .Societies, fo ^resppnd, with different;. informa-; 
tion products and services , to. the rapidly ; changing, f qser requirements. ;It ; also 
recognizes that the management of a very large information operation demands 
full-time, high quality talent, and may overwhelm the other functions which 
only a professional society can serve for its members.: : 

I wonder, therefore, whether OSIS in the next ten years should not be as 
aggressive in underwriting the attempts of commercial enterprises endeavoring 
to develop better information systems and services for scientists as it has been 
in the past ten years with the professional societies and other not for profits. 
Amending legislation or Committee recommendations may be required, but I have 
never found the Congress unreceptive to suggestions from the taxpayers. 

Thank you again, Mr. Chairman, for the opportunity to testify. 



Prepared Statement or W. Frank Blair, Chairman, U.S. National Committee, 
International Biological Committee, National Research Council 

Mr. Chairman, members of the Subcommittee, the National Science Founda- 
tion (NS>F)' program for FY/70 includes a “line item” of $5 million for the 
International Biological Program (IBP). Since I am Chairman of the U.S. Na- 
tional Committee for the IBP, I submit the following statement as added back- 
ground for your analysis in context with your review of the NSF Program for 
the coming fiscal year. 

WHAT 18 THE INTERNATIONAL BIOLOGICAL PROGRAM (IBP) ? 

The IBP is an international program of research on biological productivity 
and the biological basis of human welfare. Fifty-seven nations now participate 
under sponsorship of the International Council of Scientific Unions (ICSU). All 
major nations with the exception of Red China are participants. The latest 
to join are Malawi and Panama. 

International management of the IBP is effected by a Special Committee for the 
IBP (SCIBP) with offices and secretariat in London. The SCIBP secretariat is 
supported financially by national dues that range from $25,000 annually down 
to only $500 for undeveloped countries. Some of the latter pay no national dues, 
but for the overall benefit of all participants, they are included. 

In the United States, the planning and management of the national partici- 
pation in the IBP is the charge of a committee of the National Academy of 
Sciences. The coordinating agency for Federal participation in the IBP is the 
National Science Foundation. An Interagency Coordinating Committee (ICC) 
is chaired by the Director of the Division of Biology and Medicine of NSF; it 
was established as a result of a request from the Chairman of the Federal 
Council for Science and Technology asking NSF to “move expeditiously to explore 
the optimum nature and extent of federal agencies’ involvement with this 

Progr fl m 9 * ... i , 

National programs range m sophistication from such programs as that of the 

United States! and. the relatively .sophisticated program of the U.S.S.R. down 

to very simple programs in some of the developing countries. Nevertheless, there 
is international cooperation and coordination among 57 countries to solve prob- 
lems of man’s welfare in a deteriorating global /environment. Furthermore, coop- 
erative projects involving the technologically advanced countries and the develop- 
ing countries are providing a stimulus for scientific advance in the latter. 

WHERE ABE WE TIME- WISE? 

The second of the 5 years of the so-called action phase of the IBP will end 
on July 1 of this year. Even so, the U.S. effort has not reached full activation 
of the program of participation in the IBP planned by the U.S. National 

C< The reasons for this delay are twofold; (1) There has been inadequate financial 
support, and (2) the development of the U.S. program has involved the emergence 
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of a novel, and* sophisticated approach in environmental biology. Several Inte- 
grated Research Programs (IRP’s) form the heart of the TJiS: participation in : 
the IBP. Since there has been essentially no precedent for this kind of biological 
research, the planning and implementation of these IRP’s has been' slow. How- 
ever, we have full confidence that we have now reached the stage where the only 
possible obstacle to the success of the U.S. program might be' inadequate funding. 
The U.S. program is described in the recently published Report No. 3, Part 2, of 
the U.S. National Committee. 

WHERE ABB WE ITNANOIAIXY? 

The U.S. participation in the IBP has not received adequate financial support to 
mount the imaginative. and timely,' (with respeet to environmental problems) pro- 
gram of research that has been generated by the U.S. National Committee and its t 

subcommittees. i : . 4 , . ...... ~ . 

Financial support for planning of the U.S. participation in the ’IBP and for the 
central office has been providedby^passingthe hat”among interested Federal 
agencies. This support has been quite adequate. Research funds have "been another 
matter. Through Fiscal Year 1968, all-research done under the IBP in the United 
States was done through reorientation of existing research programs or through 
reprogramming in agency budgets that provided an' estimated $689 thousand of 
“new money.” In Fiscal ‘1969 there is a “line item” of $500 thousand in the NSF 
budget ; and NSF and some other, 'agencies’ have reprogrammed additional amounts 
into IBP interdisciplinary studies'; the total- this year is approximately' $1.3 

million. ' ■•i-' - •. m ! ;.r •••'• 

A joint resolution was introduced into the 90th Congress by Congressman 
George Miller of California and 1 Senator Fred Harris of Oklahoma authorizing 
$3 to $5 million of new money for the IBP in FY/69. In hearings in the House 
Subcommittee on Science, Research, and -Development, on May 1 and 2, 1968, the 
Deputy Director of OST presented the Administration’s stringent financial policy 
and opposed the funding provisions of this resolution ; however, fully supported 
the subjective goals of IBP and U.S. participation. ' ” 

In the summer of last year, a budget study of the IBP was made by NSF at the 
request of the BOB. As a result of this study, there is a “line item” of $5 million, 
for the IBP now in the NSF budget- — and under consideration by your subcom- 
mittee. The NSF position was that approximately $15. million would be needed in 
FY/70, and that the remaining $10 million should' be found in the budgets of 
other interested agencies. 

The figure of $15 million new money represents a hard estimate of the needs 
of the U.S. participation in the IBP that was arrived at after much consideration 
by the U.S. National Committee for the IBP and by NSF. Attachment 2 indicates 
the approximate planned distribution of this $15 million among the IRP’s that 
make up the U.S. participation in the IBP. The current and previous year’s sup- 
port is shown in Attachment 1. ' „ : . ‘ ' , i . . i ... V . . .. . , . 

In an attempt to' facilitate the participation of various interested; Federal agen- 
cies in the funding of IBP research, joint resolutions were introduced— S.J. Res. 
89 by Senator Edmund Muskie and several cosponsors iri the Senate .and. H.J. Res. 
589 by Congressmen Miller arid Daddario in the House- Ariio'ng 'other things, this 
resolution “authorizes and requests all Federal departments and agencies having 
functions or objectives which coincide with or are related to those of the interna- 
tional biological program to obligate or make appropriate transfers of funds to 
the program from moneys available for 'such functions' or objectives and provide 
such support as may be appropriate.” : 

As I have already testified in House Committee hearings on this resolution, I 
am strongly in favor of its provisions. Sectiori 2, vigorously applied, should result 
in an IBP budget program including participation of agencies ; which have riot 
previously budgeted for theTBP: , lr: " ' ' r • '■ 

WHAT ARE THE POTENTIAL ACCOMPLISHMENTS OP THE IBP? 

The IBP is not just another program in science. It represents the first massive 
international effort to understand the functioning of the ecosphere, the whole 
global system of physical environment and organisms of which man is a part. ! u . . 

i The IBP : will provide, baseline data pertinent, to • the. functioning ; of world 
environments. It will provide knowledge needed for .environmental management 
and f dr credible approaches on many of our problems on pollution arid environ- 




ment. It will not solve those problems ; but essential understanding gained will 
allow others to plan more adequately. 

The IBP has already generated the kind of new approach in environmental 
and human ecology that is needed if we are ever to understand the functioning of 
the earth’s ecosystems and hence be able to manage them to man’s advantage. 
This is the interdisciplinary team approach involving large national and interna- 
tional groups of scientists working cooperatively on various components of the 
same major problem and collating their results centrally with the ultimate 
purpose of treatment of the whole ecosystem by the methods of systems analysis. 

The U.S. participants in the IBP have been responsible for the development of 
thir new approach, and our Grasslands Biome study at the Pawnee site in Colo- 
rado has progressed at a rate and in a manner far exceeding the most optimistic 
original expectations. With the Grasslands Biome study as a successful proto- 
type, the 5 other projected biome studies (desert, deciduous forest, coniferous 
forest, arctic and alpine tundra, tropical forest) representing major geographic 
areas of the United States and the internationally important tropical forest, 
have developed through the planning stage at a much more rapid rate than we 
had anticipated. The planning has thus outrun the visible funding for these 
important studies. 

The IBP research, in conjunction with the mounting concern about environ- 
mental quality, has already jtfhnvsfotod an increase in the production of the sci- 
entifically trained ecologies ace &oing to be essential to the environmental 
management that must soon if we are to halt the accelerating deterio- 

ration of global environments. 

Finally, the IBP has generated a spirit of international cooperation in scientific 
inquiry that has never existed before in any aspect of biological science. Scientists 
of 57 countries participate and cooperate in -the exchange of information and in 
the -sta n da r dization of methods so that their results can be compared. In addition, 
there are numerous multinational teams in the IBP. In the U.S. program, this 
international effort is central in the organization of several IRP’s, especially : (1) 
Biological Production in Upwelling Systems, (2) International Study of Eskimos, 
(3) Population Genetics of the American Indians, (4) Biology of Human Popula- 
tions at High Altitudes, (5) Nutritional Adaptation to the Environment, and (6) 
Convergent and Divergent Evolution. The main component of the last has a team 
made up of scientists from 7 South American countries, Panama, Mexico, Aus- 
tralia, Puerto Rico, and 12 U.S. states. The Hawaiian component of this IRP 
has participants from Hawaii, The Philippines, Japan, India, Scotland, and 
from 9 states in the continental United States. 

These cooperative international projects, where they involve the technologi- 
cally advanced and the developing countries, promise to pay large dividends in 
upgrading environmental science in the latter countries. As might be expected, 
the international participation by the United States is weighed heavily toward 
Uaitin America. Environmental problems are to a large extent global problems, 
so we have a vested interest in establishing and acquiring environmental know- 
how in the underdeveloped countries of the world, and especially in those of 
neighboring Batin America. In addition, we can expect that the growth of basic 
science and of improved resource management in the underdeveloped countries 
will contribute to their political stability. 



The IBP is administratively scheduled to end in 1972. However, all closely 
involved in the IBP believe that the maior international and the highly pro- 
grammatic studies (e.g., ecosystem analysis) will continue. The biome studies, 
which form such a major part of the U.S. participation, ^may well be continued 
under some such umbrella as that of a nafionar institute of ecology, which has 
been recommended by the Ecological Society of America and which has received 
the attention of committees of Congress. Some of the highly international pro- 
grams may proceed under the umbrella of intergovernmental agencies such as 
UNESCO and FAO. both of which have expressed interests. Others may proceed 
under a non-governmental umbrella such as ICSU. The inter disciplinary studies 
begun with IBP will term the basis for interagency and multinational efforts 
needed so that we may better understand the environment. Its quality, and the 
effects on man. 
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AFTER IBP, WHAT ? 
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ATTACHMENT, 1 



■ r;.X< : *.■•'■ ^- T 

■■ ; '/.-Oi - • ■' i- ' 



ELEMENTS AND SCHEDULES, US/I BP, ‘FISCAL YEAR 1970 ; 
. [Dollars in. millions] 



IRP 



To be submitted 
(Quarter and years) 



Environment component: 

Analysis of ecosystems- 
Grasslands---!---. 

‘ Deciduous forests. 

Desert 

Coniferous forest—. 

Tropical--— 

Tu nd ra ... vO .. . i ~ - - r -- - - - . 



. ; 4th, fUcal year 1969. _ 

... ... ... —.——do—--— 

IT *" "■■■■ ----------- 3d, fiscal year 1970... 

. . — - 4th, fiscal y earl 969__ 

III———-—-————- - — — 3d r fiscal year 1970_. 

|UI|U i U 3 III 1 1 III 1 1 III II I - I I—1 1 1 IC II I II 1 1 — I —I - I 2d ’ tiscai’yea r 1970. - 

Convergent/divergent evolution (including Hawaii)-; 4t ^ n ^ s ^| y ^cal ywr 

! ’ ■ n - ; * 5 , 1970. ’ 

Aembiolow-------------- ------- 1st; fiscal year 1970. 

Mai ipe mammals l _-_ -;i-— ---- --- 

Biological control 2 . d0 - 



DIUIUglMlI wimui --------- . 

Conservation of genetic materials a. — ------ "iih 1070’ 

- -SSiSlml- 



Psysio logy* oc" cb loKizing speciesV--:. p 

U pwelling. - _ - . _ . . . . J- - - ----- i - — - - - - - - - — : - - 3 d . " scal V® ar 1970 -- 

Human adaptability component:, . 

Urban and migrant peoples - -ao ------ 

American Indians — _ T - r - r -- T - r — ~ 1st, fiscal year 1970. . 

Eskimos * ’’ ”* "" ’V.— V ’ T “"I*I r IIIIII IIIIIIII I III I 'Continuation.-- 

High alHtude people:*-. VJ.IIIII IIIIIi: 4 ^ n « s “l ( V««ly”r 

■ • V t-’ • ' ■ ' 1970. - ■ 

Chronobiology 2d, fiscal year 1970. . 



Total-..---. - 



i Marine mammals is now identified as a "Potentiil IRP” arid the «SEC/JBP |hb or^ 

develop the program. A draft proposal has been submitted. Funding needs and approximate date for propo 

h WoloScaTtSntrol is noW identified as a “potential IRP” and the ,US0/jBP Wenc"»^ 

velop the program. Proposal has been submitted. Funding needs and approximate date for proposal submis 

VB a* Above notes also apply to conservation of genetic materials. This proposal will or, 8 i S , J 
has been submitted. It will involve both in-house and non-Government effort, it is not . bu . d 8®? ed ^ r.ASS*-! 
by SCIBP circa 1964 as an essential IBP effort. With USEC/IBP endorsement proposal will seek support i 
agency transfer from NSF to USDA, or by reprograming Within USDA. ^ ^ : .. . N « Thorft > 

. 4 Central program proposal on biogeography of the sea has been shelved (rejected) by N SF. There.is a r 
that a program proposafo n estuarine ecosystem analysis will develop under thogui Idance^of PROC^.Tf- 
IRP develops, projwtsmow identified with biogeography of the sea may s JJ b Si" 1 S d 
^Central program proposal for urban and migrant peoples is not yeVsatisfacto rilydevel oped; Resea rch^ 



[ram proposal to ru roan ana migrant people* uui ycLMua 
.. veloping; e.g., 5 the, “Holmes County" prelect is supported at $180,000 4 per yMr, the_X1 

now Under review in HtW requests approximately JlOp.OOOforfiscalyear 1970. The Miami 
iiww Hiiyvijs* i^aaa i I i,..C r 10 - n . DUne -r^tinHamrau ’fnr mntra nroffram coordination and 



10^0x1^1^ f&wIoGO ; for fiscal y T?7o!/ PI a ns are/underway Tbr^ntralprogra coordinaHonands; 

?h°u]d Er°, d o 5® i r^narclfon^eenetics of Americanlndians i 



ans should produce a centrai proposal oy me oa quarter ui h^h ywi.wiw,- _ * , n( i Une 

• The current I BR. identified, portion of the A EC su PPortedreMarchon g«"« t i cs ii °^merican Indians, 
vaar in a' total AEC DroRram of $358,000 in fiscal year 1969.' The total IBP. effort required on this IRP Is $3. 
year 1970. The originator will be'request $240,000 additional for fiscaryear 1970. Request will.be addressed 
suggest that AEC seek interagency transfer from NSF this latter amount isjret ? '* 

?The fiscjil year 1970 amount shown on the Nutrition IRP assumes that the $40,000 initiating P^RO?® 1 I* 
fiscal year 1969. The $290,000 fiscal year 1970 program includes. continuation- of the central cogjamatior 
F»lus.$250,000pf new reoearch. „ 



" B * ' lirehigh altitude IRPp reposes coordination at no cost between principal I invi ^nSM^I^annm^lmrtelv J 
University of . Colorado and UnlverslW of Wisconsin. The- Pennsylvania State P. r0 

.:u > j iaei miortor nf Hcroi uoar loAQ Thn Mniversltv of Wisconsin proposal was submitted 



University of Colorado and University or Wisconsin. me rennay vamB oww m ujwaa. olokhiv-..- - - 
submitted during the last quarter of fiscal yearJL969. The, University of Wisconsin proposal was submitted 
mately 4 months ago. The. University of Colorado proposal wi I I be submitted 1st quarter of fi seel year l9j 
o rkmnnhiAinov has hfian identified : bv the USEC/IBP as a potential IRP ana the originate 



1 ^Sfronbb ioYogy Sas bden Vdentlfi ed^ ij^The llS eE/J & a* ‘ ‘j^bte ntia i IRP* * . ® n d i e f? to F f omuTc 

develop and submit this IRP proposal first tq the USEC/IBP for internal evaluation and then to NSF for sup 
required and time of. submission have been .verified* - ^ 
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Attaokment 2 



Agency /IBP Sttppobt — ^Fisoai- Years 1968 and 1969 



The following table lists Integrated Research .Programs of the In 
Bioidgical Program supported in FY 68 and 69 ,and. the agencies pro 
port In the column headed << Origin f ,, we attempt to differentiate betwei 
on IRPs (1) that existed prior to IBP, and (2) that was initiated 
IBP Likewise in the subtotals under FY 68 and FY 69, we differentia 
these amounts. These subtotals provide some indication of funds prep: 
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within agency budgets tas distinguished from reprogrammed funds made avail- 
able because of IBP. All may be said to be mission funds ; and all may be said to 
directly support IBB-IRPs. This table sh«QW« $3.8 ; milUon granted in FY 60 in 
support of IBP— IRPs of which $1.3 ; million was granted as a result of IBP 
initiation, r. - . ■- * - ; r - - . i •».;•••. - ■'{- . 

t ,C_ MAJOR IBlVSJUDiES SUPPORTED j 

• ' = '(Dollars in thousands] r ( ' 

?1 ‘ Granted Granted Requested 

fiscal fiscal fiscal year 

year year 1969, 

Major study Supported by Origin 1968 1969 pending 



Environment: 

Analysis of ecosystems ... 

Grasslands ... 

Desert fL _V„V*--- 

Deciduous forest. ........C ... _ ~ 

Coniferous forest 1...: — . 

Convergent/divergent - . ^ . - — — 

Evolution.. 

Aerobiology ; 

Biogeology of the sea - 

Up welling ecosystems 

Human adaptability: 

Internal study/Eskimos....:. .. 

Migrant peoples: 

Chicago. 

Mississippi. 

Biological human population /high altitude. 
Population genetics/American Indian 

Nutrition: 

Central.. ..... 

Research... .........J.. 



NSF IBP 

NSF, AEC, USDA IBP 

NSF IBP 

IBP. 

SI----- -— — IBP— -.- 
NSF, HEW— ----- Pre-IBP— 

USAF IBP - 

nsf ; -IBP-; 

NSF, USD I.—— Pre-IBP— 

SI— _ — - IBP— — 

NSF IBP—.. 

HEW, SI, USAF IBP 
Wenner-Gren. • 

.1. IBP 

HEW IBP 

IBP 

AEC Pre-IBP 

IBP 

ArmyMJSDA, AID, IBP/ 

Universities and Pre-IBP 
private sources. 



$451.0 

20.2 



1 $224. 3 
a 424. 2 



162.5* 



40.6 



i’30?6’ 

105.2 



* 312. 5 



a $2, 209 
" r "*230 

8 31 



3 66 



5 99 



8 140 
358 
* 240 

8 39 



180.5 

156:6 15676 



3,452.0 2,203.0 



50.0 



126.1 

51.7 

45.0 

67.4 

94.2 



Subtotal IBP originated 689.1 1,333.6 3, 054 

Subtotal pre-IBP ------- 3,814.5 2,503.2 358 

Total - - ------ 4,503.6 3,836.8 3,412 



*2 years. » ^ 4 3 years. 

a7 months. A Health, Education, and Welfare. 

8 National Science Foundation. . » Atomic Energy Commission. ^ . 4 ■■ 

Prepared Statement of Db, Thomas G. Fox, Scofotce Adviser to the-Govebnob 
of Pennsylvania, Chairman of the Governor’s Soienoe Advisory Commit- 
tee, and Chairman of the Board of the Pennsylvania Science and Engineer- 
ing Foundation . ’ ' r' - - ' ^ v : . - i- - ; 

17. • • V;; , SIJMMART . 1 

The NSF authorization and appropriations doctunent in Congriejss has proposed 
to proceed in loiv gear on studies of how states cah ipount effective programs for * 
use of science and technology to benefit their economies and to solve their urban 
and environmental problems; in high gear to fund in the universities long-range 
social and engineering studies on the roots of our urban problems, : 

; In the Commonwealth of Pennsylvania we have in the past: six years combined 
these two objectives. , r . . :■/' .... -<■ * .i- ; . ,? 

Our program brings, together sophisticated people from our universities from 
industry, from the professions, and from gpvepiiment \ to 'foster creative engineer- 
ing of new concepts and new approaches to our problems. s : ^ 

• We are thus led to propose, to/ .Congress and the NSF that these two NSF 
programs ber-^^. \ i-, :• : 4*-;. 

combined to provide ( one ; of the approaches of NSF to the interdisciplinary 
studies, : .//.V-.. ' v 7," v } v 7-.i ... ; j . 

given there by a. more innovative, problem solving, engineering slant, with 
, emphasis on new /concepts! rj'-T . . V- . : 

j designed, thus to bring together university y thinkers, and as client-sponsors, 

J. , practical people from industry and government, who know the problems and 
Vi can implement the 1 solutions, 




96 



The Proposal would multiply NSF funding by requiring matching funds from 
each state. The joint interest and involvement of NSF and state agencies should 
provide means of multiplying the effectiveness of both the state and Federal 
efforts. The involvement of NSF should maximize the opportunity to export the 
lessons learned in one state to early application (when, appropriate) in other 
states isolated geographically or otherwise from each other. 

Of course, direct NSF funding of, universities on interdisciplinary programs on 
engineering-social problems is not precluded by this proposal. 

Our proposal is presented under the following headings : 

Page 



Proposed Policy — 2 

Proposed Program 3 

Proposed Criteria for the NSF- State Demonstration Program — 6 

Specific Actions : ; — 7 

NSF Funding : 8 

A Proposed Amendment . 8 

As background material we have included the following appendices : >, 

Appendix I : NSF Interstate Nuclear. Board Conference Program Proposal, 

September 20, 1968 — 9 

Appendix II : Quotes from National Leaders — 10 

Appendix III : Remarks on Proposed Policy — . — 14 

Appendix IV :* A description of Pennsylvania's State Science Activities— 16 
Appendix V :* An Example of a. Federal-State Partnership: The Institute 
for the Development of Riverine and Estuarine Systems (IDRES) 

•These two appendixes are held in the files of the subcommittee. 



Measures of the nation’s scientific and engineering programs include (1) their 
intellectual quality in advancing knowledge and (2) the vigor with which they 
apply this knowledge to meet human needs. It has been demonstrated that the 
nation will support the scientific community fully if the public understands that 
the latter goal in particular is met. 

Speaking broadly on the application of science, the U.S. experience in this 
century may, perhaps, be categorized under three main headings : 

First Period — Science for Industry 

In the first third of the century we learned how to organize research and 
development undertakings in industry to speed technological progress in selected 
areas. The universities grew and adapted to support this effort through basic 
research and training of scientists and engineers- 

Second Period — Science for Defense 

In the middle third of the century we learned to mount massive national under- 
takings to action technological progress in areas vital to our national defense. 
Congress, Federal agencies, our university communities, and the new aerospace 
industry which had to be established to meet these national goals, learned to work 
together to supply the basic knowledge and developmental apparatus on a systems 
scale required to do the job effectively. , 

Third Period — Science for Society 

In the last third of this century our nation is faced with critical urban and 
environmental problems whose solutions involve both technological and social 
factors. We are challenged to learn how to use our knowledge and resources effec- 
tively to insure technological and social progress. There needs to be a revival of 
engineering scholarship in the broadest sense with close participation by federal, 
state and local governments in industry and in new partnerships— ^working to- 
gether or in coordinated' fashion with joint responsibility in ways’as yet undefined. 

It must be emphasized that unlike defense and space technology applications 
of science and engineering to environmental and urban engineering problems re- 
quires leadership not by the Federal government and its agencies alone but also 
necessarily by state and local governments. These necessarily must mobilize local 
talent and will adapt to local circumstances and desires the technology and con- 
cepts which eifierge f rom the national programs. Thus it is essential that EVERY 
STATE DEVELOP STATE SCIENCE POLICIE3 AND PROGRAMS marshalling 
local rt^sources to engineer solutions to local problems and further that FEDERAL 
AND STATE SCIENCE PROGRAMS BE CLOSELY COORDINATED SO AS TO 
REINFORCE EACH OTHER. 
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PENNSYLVANIA SCIENCES PBOGBAMS 

We in Pennsylvania are concerned with both, the generation of new scientific 
knowledge and the effective use of scientific knowledge and technology to solve 
our urban and environmental problems and to keep our state’s economy strong. 
To this end we have the past six years forged strong lines of communication and 
effective partnerships among state and local governmental units and the engineer- 
ing and scientific communities in universities and in industry in Pennsylvania. 

The Governor’s Science Advisory Committee (GSAG) has for six years advised 
on state science policy. The Pennsylvania Science and Engineering Foundation 
has for two years, with Commonwealth funds of 1.4 million dollars annually, 
initiated engineering programs within Pennsylvania’s universities and other 
research organizations to solve our local problems and to advance our economy. 

Material describing the Pennsylvania Science Program is given in Appendix IV 
and a report on a specific example of Federal-State funding of a consortium of 
universities and research institutions to engineer new approaches to preserve and 
utilize more effectively the Delaware River and Estuary as an important natural 
resource is given in Appendix V. 

Consideration of this evidence will show that we have succeeded in^ Pennsyl- 
vania in generating a state science policy and a state-oriented program in science 
and technology which, through investment of state funds, and participation of 
some of the best minds in our universities, in industry, in government, and in the 
professional community, is making a strong beginning in focusing our resources 
on programs aimed at solving urgent problems. The solutions necessarily involve 
new engineering, new technology and considerations of cost, economic impact, of 
law and government, and of what the people desire. 

We believe we are generating a partnership between government, universities, 
industry, and the local communities and professions to work together on accept- 
able and effective solutions. 

The flexibility and broad scope of NSF involvement in science and engineering 
in the university combined with our state’s interest in the needs of the Delaware 
greatly aided us in establishing "& Center of the scope and nature required to 
engineer new approaches to the Delaware problem. Involvement on the Center’s 
policy and technical advisory committees of representatives of Federal, State 
and interstate governmental agencies and of industries all having practical 
interests in the Delaware insured the necessary communication between the 
unversity innovators and the ultimate users required to promote both produci- 
bility and effective use of the results. The growing interest in and support of 
specific projects at the Center by many Federal and state mission-oriented 
agencies indicates the value of such Centers once established. * 

In recent years, Connecticut, New York, Georgia, Illinois and other states 
have generated state science policies and state-oriented programs similar to those 
of Pennsylvania. Many of the states are now aware of the value and necessity 
of such programs and are searching for ways to structure them in their own 
circumstances. 

PENNSYLVANIA PBOPOSALS TO NSP 

The NSF has proposed to Congress separate programs — 

to study how state science programs can be formulated to serve the 
specific needs of the individual states. 

to mount university interdisciplinary studies on social problems. 

Our experience in Pennsylvania in the past six years in the use of states 
science programs to marshall our resources to meet our problems and opportuni- 
ties convinces us that there must be more effective coupling among universities 
and the local government units and industries who have the problems and have 
the responsibility for the programs aimed at their solutions. 

Thus, we are led to suggest to NSF, as one approach at least, they look into 
the desirability of giving greater support to state-oriented interdisciplinary en- 
gineering programs on social problems to establish new patterns of communica- 
tion and cooperation that should play a vital role with various Federal agencies 
and programs in effectively bringing modern engineering scholarship to bear on 
Science for Society. ' 

This should also strengthen the research capabilities of state governments 
and enable this level of government to . play a greater and proper role in the 
utilization, and the shaping of science policies. As yet very few, if any, state 
governments have realized the full potential of using available resources and 
scientific knowledge in coping with public problems. They are faced with the 




difficulty of working with highly differentiated (and fragmented) Federal pro- 
grams which often impede efficient and effective handling of problem situations. 
In large measure, the difficulties arise from inadequate; state activities and 
representation in national policy-making processes. Our proposal represents ah 
effective path toward correcting these critical deflciences in our national effort. 

' r\.y : proposed pouct ; 



'The following propositions *are, 'I ^believe 'consistent with the above ideas and 
furnish the basis for the proposal which^ollows. “ . 

Science and Technology can and indeed must contribute to tiie solution of 
urban and environmental problems. 

There exists both need and opportunity to focus present knowledge and 
skills in diverse disciplines upon innovative approaches to our problems. This 
amounts to advancing new engineering concepts — a proper function both for 
universities charged with engineering scholarship for industry which supplies 



technology. . . . . ' . , 

Applied science develops best when there exists a strong interaction between 
the innovator and the community for which the developments are intended. 
This is especially true when political, * economic and social factors, as well as 
technological factors, determine the acceptability of the new development. 

Problems of housing, transportation, environment, education, health services 
and others are necessarily a responsibility of state and local, as well as Federal 
government. Local approaches to these problems are dependent on the resources 
and needs of the state or region involved. Consequently, it is not only desirable 
but necessary that there be mounted in each state determined state-oriented 

programs. ' . . ,, 

The National Science Foundation with a broad involvement in supporting 
science and engineering, and university education, is an appropriate agency to 
foster innovative engineering to meet the problems of the communities. Thus, 
it is positioned to initiate programs that avoid both isolation of efforts (of 
universities, industry and governmental units) and fragmentation of problems 
(e.g., transportation, housing, environmental control, health services), enabling 
other single-mission agencies to support appropriate aspects of the new pro- 
grams as they develop. The communication, through NSF, of successful ideas 
from one state or region to another should also be expedited. 

It follows that National Science Foundation support is desirable (a) for the 
development of state-oriented science programs in each state and (b) for pro- 
grams structured by the state agency in each state so as to involve in concerted 
fashion its engineering resources in attacking state problems and to promote 
continuing communication with the appropriate government, professional, and 
industrial communities. (See Appendix III for Remarks.) 



PROPOSED PROGRAM 

It is dcsirstblc * 

1. To encourage a sophisticated examination at the state (or regional) level 
of the scientific and technological resources and needs of the state and of 
effective means of harnessing these resources to solve the environmental and 
social problems of the state including economic growth. 

2. To encourage university and other groups’ attentio7i to the urgent state 
and local problems, with a view to promoting interdisciplinary innovative ap- 
proaches to solutions. 

3. To insure that university involvement is coordinated with those govern- 
ment, professional, and industrial elements of the community that will have to 
act in adopting or delivering the new solutions. 

4. To insure that the broad Federal programs, sis represented, for example, 

by NSF support of science, in the universities, strengthen the needed state efforts 
and facilitate cooperation between states and federal mission-oriented science 
and technology programs; , 

To this end. we propose: 

l. That the NSF immediately take steps to assist the states (or Regions) in 
the creation of State Science Councils, charged with developing programs of 
using state resources to meet state needs’ , < '< 

The NSF coulu provide for the purpose of promoting the Science Councils 
matching funds to each state at ratios, for example, of $75,000/25.000, Federal/ 
1 state the first year ; $50,000/50,000, Federal/state the second year ; $25,000/ 
75,000, Federal/state the third yea*. 
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(In implementation, the NSF would heed to draw up statements of goals and 
suggested structures of these state organizations, and criteria for acceptability. 
NSF should plan in-depth briefing on a continuing basis as needed to advise state 
representatives as to useful approaches. ) l ' ' 

2. That the NSF in^dtute demonstration projects with matching federahstate 

support, of interdisciplinary applied programs in universities and nonprofit in- 
stitutions with appropriate governmental and industrial participation! Each 
program would be initiated by the state as an effort to meet environmental and 
social problems. Such support should be suflScient to represent an appreciable 
impact on the use of state resources — hence it might have an upper limit of per- 
haps $1,000,000 per state. Obviously, only a few states will be able to meet these 
in the early years. Thus, the total cost is not likely to exceed $5,000,000 per year 
for the first few years. . , . 

3. That the NSF on the basis of experience gained in the demonstration 
projects, institute programs of this type with each of the states offering matching 
funding. Obviously, the formula for matching state funding should be' related 
to needs and capability. Perhaps formulas for maximum matching funding 
based on population, say perhaps $100,000 for each million in population in the 
state would be equitable. 

REMARKS ■ 

This proposal is similar to the program plan advanced at the NSF-Southem 
Interstate Nuclear Board Conference (involving 32 states) on Science, Tech- 
nology and State Government in Louisville, Kentucky, September 19-20, 1968. 
(See Appendix I) \ • « i . 



PROPOSED CRITERIA FOR THE NSF-STATE DEMONSTRATION PROGRAMS 



1- Programs submited by the state science board are designed to meet the 
state’s environmental and social needs and utilize more effectively the resources 
of the state. 

2. Individual projects are directed at the problems or opportunities within 
the state, with promise of applicability in other states generally. 

3. Individual projects should be preferably interdisciplinary and inter- 

institutionaL . ■ v. <■- . 

4. Projects are to be conducted with effective communication among the ap- 
propriate government, professional, and industrial agencies and institutions, 
acting as advisory bodies or as joint client-sponsors or in other arrangements to 
couple development with potential users. 



5. Projects can be funded by grants or contracts with universities or nonprofit 

institutions, including state or local government agencies, or ! by contract With 
industry. ' ■ " i! ‘ 

6. In general, the project should better mobilize the state’s scientific and tech- 

nological resources in concentrated effort to innovate, demonstrate, or promote 
new conceptual and/or technological approaches to 1 local problems or oppor- 
tunities and to train professionals and students in the "disciplines required for 
their implementation. Ideally, the project provides a focal point for input from 
all appropriate elements of the community to define the problem and find new 
solutions. , 



SPECIFIC ACTIONS 

NSF should consider : ' ' 

1. Establishing a commission to make recommendations on specific policies, 
programs, criteria, etc. Such a commission should file a final report in no more 
than six months, and sooner if possible. . - ' • > ' r > 



The commission may consist of ten to twenty members, representative of uni- 
versities, industry and state and federal government. If individuals such as 
Drs. Hollomon, Hornig and others, who are particularly familiar with the prob- 
lems at the state level, are selected, it is conceivable that recommendations 
could be forthcoming in three or four months. 

2. In operation, an Assistant ' Director of NSF could be given responsibility' 
for these. State Interdisciplinary Science Programs. In general, he would, deter- 
mine whether programs submitted by the state meet the NSF criteria. Difficult 
cases could be referred to a special advisory board similar in composition to the 
aforementioned commission. " ’ ‘ ;1 ■ ’>■■ ■ 
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NSP FUNDING 

The following estimate of appropriate NSP funding levels of the three pro- 
grams proposed here are presented for consideration. f • 

State Science Council 

First year 33 X $75, 000— $2, 425, 000 

Second year 33X$50, 000=$2, 925, 000 

17 X $75, 000 

Third year 33X$25,000=$1, 675,000 

17X$50, 000 

Fourth year 17 X $25, 000= $425,000 

State-Engineering Demonstration Projects 

First year $5, 000, 000 

Second year 6, 000, 000 

Ongoing State Engineering Projects 

Fifth year $20, 000, 000 to $25, 000, 000 per year. 

A proposed amendment: to give support to these programs we have recom- 
mended EARLIER THE FOLLOWING DRAFT OF AMENDMENT TO H.R. 4233 

To Be Inserted in H.R. 4283 as Section 3 (d) 

(d) Not more than $5 million of the amount authorized for support of scien- 
tific research may 'be used for interdisciplinary research relevant to the problems 
of our society : and of this amount no less than $3.5 million shall be used 
to establish a national program in cooperation with State Governments for the 
support of scientific research relating to the problems of state and local govern- 
ments, and the strengthening of scientific research potential in the several 
state governments. Of the amount authorized for planning and policy studies, 
no less than $750,000.00 shall be used for planning activities directed to this 
national program. 

Note: The amount for planning and policy studies in Section (1) (7) should 
be authorized at $3,500,000 to provide for this increased 0 Late planning activity. 

Appendix I 

• ' • - , * F 

NSF-SINB Conference Program Proposal 

(1) Science and technology is an essential ingredient of social and economic 
progress, and is providing new tools for the solution of today’s complex prob- 
lems — such as in crime control, transportation, use of information for decision 
making, planning and measurement of progress, to mention a few. 

(2) The federal government has, over the years, invested heavily in the 
creation of new knowledge -and more recently in information systems for the dis- 
semination of knowledge. 

(3) The use of new knowledge being created by the great science effort of the 
federal government requires a significant state and local involvement. 

(4) At the present time only a few states have an organizational mechanism 
for integrating science and technology into the processes of state and local 
governments and the few states that have such mechanisms are not supporting 
activities necessary for a long-term accomplishment. A relevant federal pro- 
gram and an effective organizational mechanism in every state is essential 
to national progress. 

(5) It is, therefore, proposed that a federal-state partnership be established, 
through an appropriate federal agency, to develop policy, provide counsel, and 
support: 

(a) Block grants on the order of hundred thousand dollars ($100,000) per 
year for each state to science and technology agencies on a fifty-fifty matching 

. funds basis. 

(b) Project grants, which ultimately might total as much as a million dol- 
lars a year, per state, through the state science and technology agencies with 
guidelines to be established by the federal-state partnership. 
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Appendix II 

Quotes Fbom National T/ttAmraa 



BACKGROUND 



The state and role of applied science and technology in the nation, in in- 
dividual states, and in the university has been scrutinized recently by various 
committees, conferences, and articles. Mere are excerpted quotations taken from 
the records of some of these, as pertinent background to the present proposal. 

Dr. Donald F. Hornig, special assistant to the President for science and 
technology: ‘It is commonly recognized that the economic level of the state 

0 r (tT 0 n i mun ^ depends on tbe "technological level of its industry, or agriculture. 

It is generally recognized that new technological input is one of the major 
ingredients of economic advance, and it is becoming recognized that technologi- 
c al experti se , properly used, and social science expertise, property used, are im- 
portant ingredients in approaching, if not solving, some of our deep-seated 
social problems.” 

Dr. Harvey Brooks, dean of engineering and applied physics. Harvard Uni- 
versity : “When the Government supports applied research in an environ- 

ment that is next organizationally coupled to an end-use, it is likely to stray from 
the mark, and this becomes more of a hazard the closer the research is to 
application.” ^ 

“Historically the universities have been the major centers of applied research 
in both agriculture and medicine, although in both these cases a large corollary 
development activity has also grown up in industry. The university research ac- 
tivity has been well coupled to the operational use of the results.” 

Dr. J. Herbert Eollomon, president. University of Oklahoma : 8 “The con- 
oern of the Congress and the people in this country is now beginning to be what 
happens in Cleveland or Harlem or in Columbus or Chicago or Watts. * * * The 
problems of this country are essentially local problems. The initiative and the 
^riHiance must be taken not from a small group of people brought together in 
Washington to attack a national problem, but through small groups of people 
brought together locally to take the initiative to do those things that are neces- 
sary to the survival of our system * ♦ *” 

“We need to recognize that the technology that is going to deal with the prob- 
lems of crime, education, medical services, or urban blight has to be supported 
locally. Then, if there is additional federal money for general purposes, it can 
be attracted only by beginning with local support.” 

Hornio : 4 “The federal governments funds in excess of eighty percent of th<* 
university research, and it supports graduate school scholarships and research 
assistantships for something like a third of all graduate students. I believe this in- 
volvement will grow in the future. Nevertheless, it is fundamentally a state 
responsibility to support universities, develop their quality, and make them rele- 
vant to the needs a/nd problems of the state." 

‘‘ What if germane to governments at all levels is that science applications are 
either part of or relevant to almost everything we do in the modern world In 
putting science at the service of society there are different tasks for different 
people. Research and development, for example, are only effective when they are 
done in the right relation to the user. I don’t believe they can effectively be done 
in the abstract.” 

“If a truly constructive state-federal partnership is to be our future pattern, 
as I believe it must, there is going to be a critical need to have people at the 
state and local level with adequate responsibility and authority and knowledge 
to get things done. There can be no effective communication unless there is some- 
one talking at both ends of the communication channel .” 




l_p. 34. 

Kef. 1, p. 133 and p. 134. 
Ref. 1, p. 190, 191, 193. 
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Dr. Don' E. Kash, associate professor of political science, Purdue University : 6 
“Although Congressmen believe that the universities have the intellectual re- 
sources, they wonder If the universities can organize themselves to respond. One 
problem is the tradition of autonomy * * * another problem is that of the ‘wall 
of separation between disciplines * * * Dr. Haworth has indicated, many of our 
most compelling problems will require experts from several universities. An inter- 
disciplinary research program handled by a single university is unlikely to be 
able to tap the best combination of talents.” . _ •••» , 

Hollomon : * “Every state needs an agency at ithe .highest level of its govern- 
ment reporting to the governor, haying to do w.i,th the applications of. science 
and technology to the welfare of that state.” 

“This agency should have three functions : One is to see to it that science and 
technology and its beneficial effects can be brought to the affairs of the state 
and to make state governments and local governments more effective and more 
efficient, realizing itihe political hazards and difficulties along the way. It should, 
secondly, ex amin e what sort of economic, social and industrial development 
should take place in the state and recommend to the governor and to the legisla- 
ture te chn ological programs that will support that state’s growth, not what pro- 
grams will support the national effort. It should also be concerned with the 
nature of the resources of the state which would permit it in. the future to have 
a more effective state and local government and a more effective source of trained 
and technical manpower ; that is to say, it should give guidance to the colleges 
and universities and high schools of the state with respect to the development 
of technology.” • 

“I believe that every state legislature needs an oversight committee, or, if 
you will, a substantive committee that deals with the question of how and when 
and if technology and science should be applied to the problems of the state and 
region and under what conditions. It should authorize the expenditures of money 
for these purposes.” 

“I believe that every state government should have an executive officer re- 
porting to the governor, appointed from outside of the government as do the 
executive offices of the Federal establishment. I was such an officer for six years 
as was Jerry Weisner and Don Hornig, whom we will hear today. This officer 
would bring to the state government the differing point of view of private peo- 
ple to the affairs in the state.” 

Hoknig : 7 “I would propose for my successor, and I think it is a most impor- 
tant thing, that he : 

“First, initiate a set of conferences, with the states to begin to develop a 
working relationship; ,• 

“Second, establish within the Office of Science and Technology at least 
one man, and possibly a full staff, to maintain constant and continuing con- 
tacts between the Office of Science and Technology and its mechanisms — the 
Federal Council for Science and Technology and the President’s Science Ad- 
visory Committee — and the corresponding elements in the states.” 

“This would provide for the mutual flow of information, and also in the longer 
term would give hope of developing a more coherent system of action.” 



If is necessary, of course, that state and federal programs bringing scientific 
resources to bear on urban and environmental problems be coordinated to rein- 
force one another. 

The states are confronted with problems of such magnitude that it is impera- 
tive that all Federal agencies render such assistance as may be required to 
strengthen state scientific institutions. It is no longer defensible to conduct the 
bulk of scientific research solely without consideration of state and local inter- 
ests to meet Federal interests and requirements. 

NSF support of the programs proposed here may be highly advantageous since — 
(a) The NSF state-science program is unique in Federal Government in 
that it can support development of state and local strength. 
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Remarks on Pkoposed Policy 



5 stoiaiuvQ f A/i laia ( 1908 ). 





103 



(6) N-SF’s strong ties to the academic and scientific communities enable 
it to mount a state assistance program more effectively .than other Federal 
agencies; • • 

(o) An NSF program, can span a wider range of interests than mission- 
oriented programs of other Federal agencies. Frequently, state problems are 
not easily fitted within the terms of Federal agency mission responsibilities; 

(d) It is often easier for NSF to fund programs P 11 1 v with other agen- 
cies than it is for operational agencies to collaborate : 

(e) NSF relationships with states are mandator -F is to program 

effectively its new “applied research” authority, in problem areas. 

The opportunity to bring scientific knowledge and technological gfeiiis in diverse 
disciplines into new innovative approaches which can contribute to the solutions 
of our urban and environmental problems amounts to advancing new concepts 
of an engineering nature. - 

The functions of the university, government, and industry in finding effective 
rou|tes to the use of new knowledge to solve our urban and environmental problems 
and the nature of the partnership among those -which may be effective are, per- 
haps, illustrated by consideration of the several steps involved in new technologi- 
cal- developments. 



NEW KNOWLEDGE— NEW TECHNOLOGY AND CONCEPTS— NEW SERVICE TO HUMAN NEEDS 
These, and the relative involvement we may expect from elements of society may be visualized as follows — 



State Shite of development of new solutions 



Relative involvement 



Client-sponsors 



Univer- Commu- 

sity nity Industry 



1 Definition of problems ••• 

2 Innovative conceptual solutions 

3 Explore and develop basic features of solutions ••• 

4 Feasibility demonstration. • 

5 Development.. 

6 Installation 1 .... 

7 Use 



*** 

4M 

* 

' ** 
•M 



* 

»* 
• • 
«* 

*«« 



Note: The times demand major attention in the immediate future to stages 1, 2, and 3. What are the new innovative engi- 
neering-social concepts for marshaling our resources to provide more efficient and effective health care, environmental 
control, urban regeneration, transportation and the like? We must advance such new concepts, examine them critically 
and perfectthem, and move to demonstration projects quickly. This requires intellectual leadership with university, in- 
dustry, and governmental leaders and close collaboration among innovator, user, and ultimate supplier. 



Cornell University, 

Center for Radiophysics and Space Research, 

Ithaca, N.Y., June 6, 1369. 

Senator Edward M. Kennedy, 

Senator Office Building , 

Washington, D.C. 

Dear Senator Kennedy: As you know, we have been deeply concerned with 
the possibility that the project to improve, the .large radio telescope. at Areeibo, 
Puerto Rico may be deferred! It has been suggested that we provide a summary 
of the situation surrounding this project as an aid to your subcommittee in con- 
sidering it. I enclose such a su mmar y which was prepared today. 

, Sincerely yours, 



Enclosure. 



F. D. Drake, Associate Director . 




Information on the Project To Improve Greatly the 1000-Foot Rad io 
Telescope at Abecxbo, Puerto Rico, and Related Congressional Action . 

The 1000-foot radio telescope' at . Areeibo, Puerto Rico, is the world’s largest 
radio telescope. It is operated by Cornell University with support by the National 
Science Foundation and the Advanced Research Projects Agency, and is used for 
research in ionospheric physics, radar astronomy, and radio astronomy by scien- 
tists from all over the U.S. and some foreign institutions. It has had an outstand- 
ing record of scientific achievements in its five years of operation. 
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It is of very groat imp ortance scientifically and nationally to improve tfietele* 
scope reflector surface so as to enable the reception of much shorter radio wave- 
lengths than at present. This would permit the study of many radio spectral 
lines of great importance, but now unobservable. These include some of t be newly- 
discovered lines of organic and perhaps biologically important molecules recently 
discovered in interstellar space. It would permit the measurement of polariza- 
tions, intensities, and positions in the sky of tens of thousands of cosmic radio 
sources. Of very great potential would be the ability to produce a radar picture of 
the surface of the planet Venus with a resolution of about one mile, equal m 
quality to the best photographs of the moon taken from earth based telescopes. 
This will not be passible -with any other instrument, and would be of prime 
importance scientifically and to the space program. This latter accomplishment 
is possible in 1972, and then not again until 1975. The improved telescope would 
have a radar sensitivity some 500 times greater than any other existing radar 
telescope. 

Other major instruments which could achieve these goals could not be con- 
structed in less than five years. The proposed Arecibo upgrading will take two 
years. In Germany, a 330-foot fully steerable radio telescope with short wave- 
length capability is far along towards completion, and will probably go into full 
operation in the middle of 1970. The completion of this German telescope will 
to a large extent relegate the U.S. to second class status in radio astronomy, a 
situation which can be reversed quickly only through the Arecibo upgrading. 

It has been amply demonstrated that the upgrading of the Arecibo telescope 
is feasible at relatively modest cost. In 1966 it was recognized that the basic 
mechanical structure of the antenna was suitable for operation at much shorter 
radio wavelengths, but that telescope performance was limited by imperfections 
in the reflector surface. With support from the National Science Foundation, a 
study has been completed of a new reflector surface by the Rohr Corporation, 
the most experienced company in the world in large radio telescope construction. 
This study has shown that a new reflector surface can be constructed with a 
quality matching that of the rest of the structure, and allowing short wavelength 
operation. The new surface would be built in quite a straightforward way, re- 
quiring no new concepts or untried engineering principles and techniques. Full 
operation of the telescope would be maintained throughout the upgrading. . 

The cost of the upgraded surface would be $3.8 million, including $3.5 million 
to go to a firm for the upgrading, and the remainder to be used for management 
and contingencies. The expenditure of this sum would provide full radio astron- 
omy capability at the short wavelengths. To achieve the full radar capability, 
including the Venus mapping capability, an additional sum of about $2.5 million 
is required. This would be used primarily to procure a short wavelength radar 
transmitter of very high power, with the rest being used for other telescope 

improvements. ^ 

The Arecibo upgrading was given the highest priority by the Dicke Committee, 
a special committee of eminent physicists, electronics engineers, and radio, as- 
tronomers, which was convened in 1967 by the NSF to review needs in American 
radio astronomy. The NSF has requested funding of the project in fiscal 1970, 
and has also placed great emphasis on the project. 

Congressional action to date has consisted of a recommendation that the project 
be deferred by the House Subcommittee on Science, Research, and Development, 
whose chairman is Rep. Emilio Q. Daddario. The reasons for this deferral are 
in no way related to the great scientific merits of the project, but rather derive 
from the fact 1 that the sponsorship of the Arecibo Observatory is being trans- 
ferred from ARP A to NSF as of October 1, 1969, and there is a critical attitude 
in the Daddario subcommittee towards transfers of this nature. Deferral of 
the Arecibo upgrading is an expression of the Committee’s desire that an improved 
governmental procedure for such transfers be developed. 

The NSF authorization, including the Arecibo upgrading, is still being con- 
sidered by the Senate Subcommittee dealing with the NSF, which is headed by 
Senator Edward M. Kennedy. Every effort is being made, particularly by the 
NSF, to convince this subcommittee that restoration of the funds for upgrading 
is desirable. 

Deferral of this funding will delay by at least a year the completion of the 
upgraded telescope. This will result in the loss of important scientific activities, 
and the prolongation by at least a year of second-class status by the U.S. in 
some of the most significant lines of scientific inquiry. Very likely the present 
losses of scientific personnel, due to the existing austerity situation, will be 
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Northeastern University 

Hon. Edward M. Kennedy, Boston, Maaa., May. 8, 1969. 

n- c 2 '®l or f r °?n Massachusetts, : :i 

U.8. Senate , TV ashing ton, D.C. 

Governor’s Advisory* Comm^tt^on 5 r ? ugllt to m y attention as Chairman of the 

of Massachusett^that^h^S^bcc^mi^tep^nTf^h T ^olo g y in the ConSfonwLim 

' on I^abor and Public Wpif«r n> ^ e National Science Foundation of 

t0 * undin S of joint federal-state to ***** testimony retetivl 

Thp 6 *? 101087 to the sol «tion of today^c^Mca^Inii^ 15 application of science 
The Governor’s Advisorv nommi^LT critical social problems. 

f o«rth year G f its existence haTS tta ° n , Sci ence and Technology, now in the 

search^amf < n^ 1SettS Resea rch FoundaU^^Tei^Fo^d^^ establishing 
search and advanced develomnent nm^i ■«■ ms foundation- would monitor re- 

top / c °f your hearings. The ^n d iSnn^ ^ UCh ®! those tha t are X ce£tS 

?Sio h ?V curr ently before the House Gtmm^l Ub3M L of House Biu FortySS 
General Court of Massachusetts. ttee on Ways and Means of the 

&tate funds r avaiteble t^us^ree^iTed^e 1 to a ?h q b &te fUndin ^ for our projects 

muS a n^deS e sSrt i0nS Wlthln the propos ed N.I.F? this 

Itt 118 ? 0 *^ 1011 ’ ^alth,* ete^re^teg 8 to*be problems of pollution, housing 

attack which requires n irk* ° in ^ • be lna de only with the kind nr „n ,7^! 

well as local aM re|foaal ones 1 ? fa*£» ® n< t, Ulese «® nauXlpfoblemsas 
eminent would contribute substantial i^^°?£ ble to expec t that the federal inr 
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report, then the committee requests the Foundation to submit to this committee a 
report on the reasons therefor together with appropriate legislative recommen- 
dations to accomplish the equalization” ' * 

By letter of November 22,1908 (copy attached), I reported to your committee 
that progress was being made in those areas of concern to the Committee, and I 
indicated that I would provide you with a more detailed report in the near future. 
At that time, it was pointed out that for some time the Committee on Academic 
Science and Engineering of 'the Federal Council on Science and Technology had 
been working to promote greater uniformity in policies, procedures, and forms 
for various Federal Government programs supporting the construction of aca- 
demic facilities. 

HEW and NSF Programs to Support Construction of Academic Facilities. In 
my letter of November 22, 1968, it was stated, “With respect to HEW and NSF 
deferences in the Federal contribution available through programs to support 
construction of academic facilities, the recent action of the Congress in raising 
the maximum Federal contribution of the Office of Education’s Academic Facili- 
ties Programs from 33% percent to 50 .percent equalizes the matching contri- 
bution of the various academic facilities programs. In practice, the majority 
of such grants are negotiated so that the Federal share is considerably less than 
50 percent. Some of these programs have authority by law to go above the 50 
percent level in specific instances, but since these exceptions are expected to be 
minimal in number, this is not considered a significant difference.” 

Representatives of the Foundation and of the Department of Health, Education, 
and Welfare have been meeting in an attempt to resolve other major differences 
among their various comparable academic facilities construction programs. As a 
result of these meetings, the Foundation and the Department of Health, Educa- 
tion, and Welfare have agreed to equalize the following procedures and 
allowances: 

1. Equipment . — Equipment previously has been defined differently among the 
several programs as fixed, movable, program equipment, furnishings, appara- 
tus, etc. The policy which both agencies have adopted now will minimize the im- 
portance of categorizing equipment by providing that any equipment is an allow- 
able project cost provided it is necessary for the functioning of the building 
and consistent with the purposes of the program under which the application was 
filed. 

2. Space.— The program staffs of each agency formerly had determined the 
kinds of space allowable for financial participation on an indiyidul program-by- 
program basis. This resulted in disparities ‘between programs with respect to sup- 
port for space for postdoctoral students, classrooms, graduate laboratories, and 
office space. The policy now adopted is to allow that space which is necessary 
to make the building functional and which is consistent with the program 
mission. ...... 

S. Parking space . — Under some programs of both agencies funds have been 
allotted for b uil ding, construction without provision for adequate parking spaces 
for b uilding s. Parking space often is necessary and at times vital for the effec- 
tive use of buildings, particularly in urban areas. Further, local codes often 
require provision for adequate parking for the users of buildings. Therefore, 
in computations of the amount or portion of the Federal grant, costs for ade- 
quate parking space will be allowed. 

4. Works of art .— In order to encourage high standards of design and to en- 
hance the aesthetic value of buildings, costs for works or art now will be allow- 
ed by both HEW and NSF up to one percent of the grant funds. 

5. Land or land and buildings . — HEW and NSF have agreed to allow costs 
for acquisition of necessary new land or land and buildings. We understand that 
necessary -legislative changes will be requested by HEW for appropriate pro- 
grams. 

6. Offsite improvements . — Although off-site utility line, walkways, and 

other improvements are at times necessary for the functioning of buildings, 
some HEW programs are prohibited by statute from allowing the cost for these 
improvements in computing the amount of the grant. N.SF has heretofore consid- 
ered these costs eligible and we understand that legislative changes will be re- 
quested by HEW for affected programs so that necessary off-site improvements 
will be uniformly allowable. ; 

Progress had been ; made toward developing a ■ uniform proposal format ( or 
form) suitable for comparable academic facilities programs. The CASE Task 
Force on Facilities recommended such a form in December 3960. However, the 
desire of HEW to bring all of its 28 construction programs under one application 
form necessitated a drastic change that made the form no longer advantageous 
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for use by the Foundation’s graduate facilities program. While the advantages 
of having one form for all of its 28 construction programs outweighs the disadvan- 
tages for HEW, the same does not hold true for the comparable program of the 
NSF, since no accommodations have to be made by NSF for requesting infor- 
mation for as grea t a diversity of programs, including non-academic programs, 
as is the ca se fo r HEW. However, to obtain as much uniformity as possible, 
NSF and HEW are developing uniform procedures for requesting certain 
information (e.g., budget information). 



HEW and NSF programs for predoctoral student support 

In my letter of November 22, 1968, I indicated that the Federal Interagency 
Committee on Education (FICE) was then engaged in a study of predoctoral 
student stipends and allowances. The study was reviewed and accepted by 
FIOE on December 18, 1968, and I am attaching a copy for your information; It 
should be noted that FICE, while agreeing generally to the recommendations 
of the study concluded that for reasons related to the : budget and the budget 
cycle the adoption of changes in stipends and' allowances appearing in the 
summary on page V of the report should be postponed for at least a year. 

Implementation of the FICE recommendations — leading to greater consist- 
ency in the payment of stipends and allowances — must be given further con- 
sideration in the development of the budgetary and legislative proposals of the 
Administration. Further discussion and negotiation by FICE may • also result 
in modification of the current recommendations as additional information 
becomes available or as conditions change. 

I should also point out that even without the changes recommended by FICE, 
there is already a high degree of consistency between the NSF predoctoral 
programs and . related programs of the Department of Health, Education, and 
Welfare with regard to stipends and allowances. This has been true for many 
years particularly in the case of the predoctoral programs of the National 
Institutes of Health and the Foundation where a determined effort has been 
made to follow consistent policies and practices. Lack of standard policies and 
practices only arose with the advent of newer programs such as the NDEA 
fellowships (where differing stipends were written into the legislation) and 
such as the NASA fellowships. 

Please be assured, Mr. Chairman, that the National Science Foundation will 
continue to work actively with the Department of Health, Education, and Welfare 
and with other Federal agencies -to achieve the maximum uniformity, con- 
sistent with the purposes of the various programs, in the “terms and -amounts” 
of Federal grants among comparable programs for Student support and for 
academic facilities construction. 

Sincerely yours, 



Leland J. Hawobth, Director. 



National Science Foundation, 
Washington, D.O., November 22, 1968. 

Hon. Lister Hill, 

Chairman, Committee on Labor and Public Welfare, 

U.S. Senate, Washington, D.C. 

Dear Mr. Chairman : In Senate Report No. 1137, 90th Congress, 2nd Session, 
on May 21, 1968, the Committee on Labor and Public Welfare requested (on 
page 20) : 

“. . . the National Science Foundation to give high priority to equalize 
through administrative action the terms and amounts of individual and institu- 
tional support programs similar to programs administered by the U.S. Office of 
Education and other Federal agencies. If this equalization cannot be accom- 
plished by the administrative means suggested within 6 months of the date of 
this report, then the committee requests -the Foundaton to submit to this 
committee a report on the reasons therefor together with appropriate legislative 
recommendations to accomplish the equalization.” 

I wish to report -to you that progress is being made in those areas of concern 
to the Committee. , . 

Certain problems in the administration of Federal grant programs for the 
support of construction of academic facilities have concerned the Federal 
agencies for some time. The Committee on Academic Science and Engineering 
(CASE) of the Federal Council on Science and Technology (FCST), formed a 
CASE Task Force on Facilities (composed of agency facility program officers) 
in February 1966 to devise means for promoting greater uniformity in policies. 
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